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ABSTRACT 

A computer program to perform dynamic systems analys'.s and 

plot the results is presented.  Linear systems and a large classifica- 

tion of nonlinear systems representing engineering, scientific, and 

economic disciplines can be modeled to permit application of the computer 

program. Two examples are given to demonstrate the capabilities of the 

analysis tool. The mathematical model of a missile guidance and control 

system is analyzed and a ratio of polynomials representing the closed 

loop transfer function of a high performance model follower aircraft is 

evaluated. Linear differential equations to the 100th order having 

real or complex roots can be studied. System characteristic equation 

root loci and system transfer functions are plotted. 
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1.  INTRODUCTION 

Systems analyses require that mathematical models be developed 

and exercised to determine cause-and-effeet relationships. One powerful 

method is to generate linearized equations for each physical phenomenon 

occurring in the process and combine these into input-output relation- 

ships through the application of Laplace transformations. 

Studying the characteristic equations of the input-output 

relations determines parametric stability trends.  ' Steady state fre- 

quency response of the system provides another useful characterization 

of system stability. Application of the inverse Laplace transformation 

to the process transfer functions provides transient histories of output 
(2) for specific inputs. 

This report discusses a program that mechanizes another part 

of the analytical procedure,  the determination of the frequency response 

of linear systems and the modified phase-amplitude characteristic for 

nonlinear systems.    Reference 1,  published in November 19^8, discusses 

a program that mechanized the determination of the roots of the char- 

acteristic equation.    Reference 2,  discusses a program that determines 

the transient response of the process when it is  subjected to input 

forcing functions. 

Application of this computer program,  which is an extension 

of the material contained in Reference 1, along with the computer pro- 

gram presented in Reference 2, permits one to determine quickly and 

accurately the stability and performance characteristics of high-order 

linear dynamic processes and to qualitatively predict the stability 

and performance of a large class of nonlinear systems. 

The techniques developed in this report have been applied to 

specific studies.     '      '    A more extensive utilization of the methods 

will be contained in a forthcoming report which expands Chapter h.2 of 

Reference 5«    Preliminary work has been commenced to explore the utility 

of these methods in providing solutions to optimal inventory 

problems.     '^   ' 



A useful linear system analysis method is to determine the 

steady state frequency response of the system. Evaluation of the poly- 

nomials representing the system's transfer function is a time-consuming 

task. Conversion of the tabulated results to a graphical display is 

then required before conclusions relevant to system stability can be 

appreciated. 

The analysis of nonlinear systems is a difficult task, but 

for certain classes of systems it is possible to obtain qualitative 

indications of stability. Similarly, the task of obtaining the tabular 

data and converting it to a graphical form before conclusions can be 

drawn is a laborious process. 

These two methods (one linear and one nonlinear) have been 

coded in a FORTRAN IV program and integrated into the root locus methods 

discussed in Reference 1. Main features of the program arei 

1. FORTRAN IV program. No machine-oriented or object language. 

2. No FORTRAN complex type statements necessary, 

3. No special graphical plotting equipment. 

k. Order of polynomial may be up to 100. 

5. Number of variations of given parameter may be up to 100. 

Main features of the graphical displays are: 

ROOT LOCUS Method^ 

1. Log plot of the third and fourth quadrants of the complex 

frequency plane from 0 to 10,000 radians/second. 

2. Linear plots of selected regions of the third and fourth 

quadrants of the complex frequency plane with arbitrary scales. 

LINEAR FREQUENCY RESPONSE Method 

1. Plot of Magnitude (in decibels) and phase (in degrees) of 

transfer function vs 6 decades of frequency, beginning at a selectable 

minimum frequency. 

2. Linear frequency plots of magnitude (in decibels) and 

phase (in degrees) of transfer function for selectable ranges of frequency. 
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NONLIMEAR FREQUENCY RESiOKSE Method 

1. Plot of "Modified Magnitude Characteristic" Kln  decibels) 

and "Modified Phase Characteristic" (in degrees) of transfer function vs 

6 decades of frequency, beginning at same selectable minimun frequency 

as linear frequency response method. 

2. Linear frequency plots of "Modified Magnitude Charac- 

teristics" (in decibels) and "Modified Phase Characteristic" (in degrees) 

of transfer function for same selectable ranges of frequency as linear 

frequency response methods. 

2.  THE PROBLEM 

2.1    Linear System. 

Regardless of the complexity of a linear closed-loop system, 

its transfer function can be reduced to the equivalent form shown in 

Figure 1.    For multiple loop systems,   the G's and H's are readily ex- 

pressed as sums of products of polynomials which are identified with 

individual elements making up the complete system. 

<NE KpG| (S) c 
r G2(S) 

F Kc H, (S) 

H2(S) 
4  

Figure 1. Linear Closed Loop System 

R = system input, 

C = system output. 

F = system feedback, 

E = system error. 

V process gain,  and 

Kc = 
controller gain. 

11 



The fractions G1(s)/G2(s) and H1(s)/H2(s) are equivalent trans- 

fer fractions of the system and are represented by ratios of polynomials 

which upon expansion can be put into the form 

or in factored form 

where 

n-k 

L,% s 

p^o > 
m+n-i 
r-^    .       m+n 
Z bis 

• 
-i 

i=o 

form 

k v 
s    n (s+z 

.=1       » 

y     r 
) 11       s+(a +ju) 
q=v+l            H 

j)] [^(°q- •vJ 
s  n (s+p 

i»l 

r      r 
) n        s+(a +ju) 

Lt=g+1  L       t t)][s+(0f .*t)' 

n-k-v 
y=    2 

m+n-i-g 
'    r -        2 

(1) 

(2) 

where the a's and b's are real, the poles and zeros can be either real 

or complex in conjugate pairs, and m > 1, 

There are two transfer functions of fundamental importance. 

OPEN LOOP TRANSFER FUNCTION: 

F 
T 

t     Vs) 1     L     Vs)]. (3) 

CLOSED LOOP TRANSFER FUNCTION: 

Ws)Vs) . w 
KcKpGl(SK(S; + G2(S;H2(S; 
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The linear system's closed-loop characteristic equation, 

which determines stability is 

K K G^sjH^s) + G2(s)H2(s) = 0. (5) 

Dividing both sides of Equation (5) by G2(s)H2(s) gives 

G1(s)H1(s) 
K K «=| wri   \  + 1=0 c p G2CS;H2(S; 

(6) 

If we let 

K K = K* 
c p     • 

G1(s)H1(s) = A(s), and 

G2(s)H2(s) = B(s), then Equation (6) becomes 

(7) 

(8) 

(9) 

K- A(s) . ! _. 0 
-BJJT' 

+1-0' (10) 

In terms of the system open-loop transfer function, 

E 
+ 1=0. (11) 

This expression relates the system's closed-loop characteristic equa- 

tion to the system's open-loop transfer function. 
--« 

The steady state frequency response of the open-loop transfer 

is obtained by evaluating Equation (3) along the imaginary axis for 

values of m between zero and infinity rad/s. 

The result is a vector quantity, 

_F_ 
E 

O < 0/ < OB 

_ K* A(s) 
BTTT 

O < S < oo 
= MoL^oL'   W 
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where 

M T. = scalar magnitude of open-loop transfer function between 

0 < UJ < • , and 

i oL = direction of magnitude of open-loop transfer function 

between 0 < Uü < » . 

Equation (10) can be rewritten as 

"oL^oL*1^"30' W 

MoL^oL= 1^180°. (Ik) 

Equation Ik  is the form required to provide quantitative stability 

information for a closed-loop system. 

There are two figures of merit which provide a measure of 

system stability. The only restriction is that all roots of the system's 

open-loop transfer function denominator, B(s), be < 0. 

GAIN MABGrIN is the amount that M T must be increased or de- ————— oL 
creased to make it equal to 1, only when the orientation of magnitude 

of the open-loop transfer function, L-\  (,  is l80 , 

PHASE MARGIN is the amount that 0 T must be increased or de- 
        o 

creased to make it equal to l80 , only when the magnitude of the open- 

1$ 'is ^ loop transfer function. 

These concepts can be related directly to Equation ih. 

Incipient instability is identified with either a zero gain or zero 

phase margin. 

The scalai magnitude of the open-loop transfer function is 

generally expressed in decibels. The decibel equivalent, M _ (db), of 
OL 

a number, M , is M   (db) = 20 log10 M . 

Ik 



The gain margin and phase margin of a linear closed-loop 

system as shown in Figure 1 and Equation {k)  can be readily determined 

by analyzing the open-loop transfer functions of Equation (3) in accord- 

ance with Equation (I1*). 

2,2 Nonlinear System. 

V.M. Popov's plots of system transfer functions give some 

insight into stability of nonlinear systems.^ '^"'   Figure 2 shows 

the system configurations considered in this analysis. It contains a 

linear part and one nonlinear element and is subject to the following 

restrictions. 

E R-®- ♦ (»)C 

F 

figure 2. Nonlinear Closed Loop System 

1. The roots of G2(s) have negative real parts and simple or 

multiple roots on the imaginary axis (one root permitted at origin). 

2. cl2MüK. (15) 

3. The linear system of Figure 2, obtained by substituting 

^=«0, is stable. 
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If there exists a non-negative real number q such that 

Re [(l+jqi;) G(>)] 
+-^-> 0 (16) 

for all u>>0, where G is defined by G^s) the nonlinear system is 

asympotically stable in the large. 

Since G has been defined as the ratio of two polynomials, it 

may be expressed as 

G(>) = 
G1R(u)) + jG^uu) 

G2R(U0 ♦ JG2I(u.) 
(17) 

where 

where 

G1R, Gpp = real parts of G,, and G2, respectively, and 

G1T, GpT = imaginary parts of G.. and G?,  respectively. 

Redefining G(juu), we have 

G(jw) = GR(Uü) ♦ JG^üü), 

fl   
G1RG2R * G1I G2I    . 

R " (G2R)2 + (G2I^ '  and 

(18) 

becomes 

.   G1I G2R ' G1R G2I . 

2R' '21' 

As a result, the inequality. 

Re [(i ♦ iw)  G (Juu)] +^-> 0 , 

GR(uO - VG^) + -i-> 0. 

(19) 

(20) 
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To aid in a graphical interpretation of these  results, we 

define 

(21) 

where 

U = G (a),  and 
■ 

W = U/G-^). 

The inequality of Equation (20) may be written as 

U-qW + -±->0, 

(22) 

q > 0,   K > 0  . 

If we replace the inequality of Equation (22) by an equal sign, 

U - q W + -=- = 0 (23) 

Then it may be seen that inequality of Equation (22) repre- 

sents those points in the U-W plane of the modified phase amplitude 

characteristic    which are to the right of the line of Equation 23,  as 

shown in Figure 3. 

MODIFIED PHASE- 

AMPLITUDE 

CHARACTERISTIC 

U 

Figure 3. Stability Boundary-Popov Modified Phase 
Amplitude Characteristic, 

The nonlinear system synthesis problem will be concerned with 

determining the variation of K for a given linear G(s). Figure k  shows 

the boundary constraints of the nonlinearity 0 (o )/a of the system shown 

in Figure 2. 
17 



Figure k.    System Nonlinearity. 

To maintain symmetry with the Bode Plots, the modified magni- 

tude and phase characteristics are plotted on identical axes. Values 

of the modified amplitude associated with the modified phase character- 

istic for 90° < 0 < 270° (-90°) establish the contour described in 

Figure 3. 

Once this contour is established in the U-W plane, the maximum 

K obtainable is determined by inspection from the intersection of the 

U axis and a straight line tangent to the modified phase amplitude 

characteristic, 

3.  GRAPHICAL METHODS 

An on-line printout of the Bode diagram for an open-loop 

transfer function, F/E, or for a closed-loop transfer function, C/R, 

is generated for the linear system. Similarly, printouts of the Popov 

"modified amplitude-phase characteristics" are generated. The phase 

and amplitude axes are scaled in degrees and decibels with an arbitrar- 

ily selectable scale between + 0 max degrees + M max db, respectively. 

The frequency axes are logarithmically scaled in radians per second over 

a range of 6 decades, beginning with an arbitrarily selected lowest 

18 



decade. Values of amplitude and phase are calculated for 55 uniformly 

distributed frequencies over the 6-decade range, plus 17 additional 
A(s) 

points centered about each root of   i i ^ i » . This additional dis- 

tribution of printouts expressed as a multiple of each frequency is: 

(0.01, 0.05, 0.1, 0.2, 0.3, O.k,  0.5, 0.6, 0.7, 0.8, 

0.9, 1.0, 2.0, h,0,  6.0, 8.0, 10). 

An option of the program permits the density of the Bode plot 

to be either sparse or dense. The sparse plot requires K* = 0 and only 

one set of frequencies are available, from which the amplitude and 

phase of A(S)/B(S) are calculated. The dense plot permits K* to have 

values consistent with the root locus subroutine. 

For each value of K*, a different set of frequencies will 

exist for K* A(s) + B(s). 

A larger number of amplitude and phase values will be gener- 

ated. Use of the dense plot capability may be necessary to obtain 

precise definition of the graphical plot in some cases. 

Any number of simultaneous expands of different portions of 

the 6-decade frequency range may be plotted. 

k,      DATA F0IWATS 

k,l   General Description. 

This is a subroutine designed to supplement the methods pre- 

sented in AMSAA TM No, 21, A Linear Closed Loop System Analysis Proce- 

dure Using Line Printer Plots of Characteristic Equation Root Loci. 

This subroutine utilizes the polynomial multiplication and root locus 

methods discussed in AMSAA TM No. 21, and extends the analysis capa- 

bilities to include the following available options: 

1. Root Locus Plots. 

2. Frequency Response Plots. 

3. Popov Modified Phase-Amplitude Characteristics Plots. 

19 



For the root locus option, the output is identical with the 

output obtained from AMSAA TM No, 21, 

For the frequency-response option, the output is a log-log 

plot of steady state amplitude vs frequency and a semi-log plot of 

steady state phase angle vs frequency. Linear expands of amplitude 

and phase for any frequency range may be plotted. 

For the Popov modified phase-amplitude characteristic, the 

output is a log-log plot of steady state amplitude vs frequency and 

semi-log plot of steady state phase angle vs frequency. Linear ex- 

pands of amplitude and phase for any frequency range may be plotted. 

k,2      Input Description. 

a. Program option control card that precedes all data (see 

below). 

b. Program option control card. 

To run the program in its entirety with a dense plot in the 

frequency response, i.e.: Root Locus plus Expands and Frequency 

Response and Popov Plots plus expands place a one (l) in columns 

10, 20, 30, and ho. 

To run only the root locus log plot, place a one (l) in 

column 10 and zeros (0) in columns 20, 30? ^-0« 

To run the root locus expand plot, place a one (l) in column 

20 and zeros (0) in columns 10, 30, ho. 

To run the sparse frequency response Popov plot only place a 

one (l) in column 30 and zeros in columns 10, 20, and ^0. 

To run the dense frequency response plot only, place a one (l) 

in columns 30 and ho  and zeros in columns 10 and 20. 

To void all plot routines place a zero in columns 10, 20, 30, 

and UO. 

c. Comment Card that follows the program option control card 

for identification purposes. 

20 



d. Program Data Cards. 

Same format as described in Chapter IV (Data Formats), para- 

graph A2 of AMSAA TM No. 21. Control Card used to call All Plot Sub- 

routines is same as control card used to call log plot subroutine of 

AMSAA TM No. 21 (Section IV, paragraph B2). 

Control cards used to call root locus option are same as control 

cards used to call root locus expand option, paragraph B2, section IV of 

AMSAA TM No. 21. Table 1 demonstrates this input forroat for the dense 

frequency response option. Control cards used to call frequency response. 

Popov plots, and expands of both are additional features of this report. 

DESCRIPTION 

Data appears only once 

Frequency response, Popov 

Number of expands desired 

Region of expand, one card for 
each expand in consecutive 
order with a,b,c,d, above. 

COLUMNS 

a. - 1-10 

b. - 11-20 

a. - 1-10 

a. - 1-10 

b. - 11-20 

c. - 21-30 

d. - 31-h0 

1-10 

11-20 

DATA 

Smallest frequency, 
rad/s (real) 

Max phase angle, deg, 
(real) 

c. - 21-30  Max amplitude, DB (real) 

Zero,if no expands desired 
(integer), 
One, if expands desired 

No. of freq, response 
phase angle expands (inte- 
ger) 

No. of freq response ampli- 
tude expands (integer) 

No, of Popov phase angle 
expands (integer) 

No. of Popov amplitude 
expands (integer) 

Smallest freq, rad/s 
(real) 

Largest freq, rad/s 
(real) 

21 



4.3. Output Description. 

Depending on the options specified, the output consists of: 

Foot Locus Plot Option 

a.. A list of all of the roots plotted on the complex 

frequency plane log plot. 

b. Two log plots of the roots calculated by the polynomial 

multiplication and root locus program, 

c. The specified number of linear expand plots of selectable 

regions in the complex frequency plane. 

FREQUENCY RESPONSE/POPOV PLOT OPTION 

a. A list of amplitude, amplitude in decibels, and phase 

angle in degrees for various frequencies specified in 

Section 3. 

b. A log-log plot of amplitude vs frequency and a semi-log 

plot of phase angle vs frequency. 

c. The specified number of linear expands of the frequency 

axis for the amplitude and phase angles of the specified 

transfer function. 

5.  EXAMPLES 

The two examples discussed in AMSAA TM No. 21 will be analyzed, 

using the frequency responsa/Popov plot option. The root loci of 

A(S)/B(S) using K* as a parameter have previously been determined. The 

characteristic equation of the system shown in Figure 2 of Reference 1 

is 

K*A(s) + B(s) = 0. 

22 



The open-loop transfer function for this expression, as given 

in Equation (12) is 

F   K*A1(s)+A2(shA3(s) (2U) 

~E~ =      B(TJ 

EXAMPLE 1. 

where 

K* = -0.005 

A-^s) = 2092(S2+1.2S-l672)(S2+3.2S+25,600%+l+91S2(S2+6s+^00) 

A2(s) = 0.08l(U6i+)(S+2.7)(S
2+3.2S+25,600) 

A (s) = 0.95(i+61+)(S+2.7)(S2+3.2S+25,600) 

B(s) = S(S2+6S+400)(S2+3.2S+25,6OO) 

Table 1 shows the input card format for this open-loop trans- 

fer function. 

Lines 2 through 2k  apply to the polynomial multiplication and 

root locus ;nf;thods and lines 26 through 36 apply to the frequency 

response and Popov condition plot subroutines. 

The basic tabulated numerical output is shown in Tables 2 and 

3 and is similar to Tables 2 and 3 of Reference 1. A tabulation of the 

open-loop frequency response gain and phase and Popov modified phase 

amplitude characteristics are shown in Table k.    Figures 5 and 6 are 

the Bode plots of F/E and Figures 7 and 8 are the Popov plots of F/E. 

Two regions are expanded to demonstrate capability of this program. 

First the regions of frequencies between 1.0 rad/s and 300 rad/s 

are shown in Figures 9 and 10 (frequency response), 11 and 12 (Popov 

response) and secondly the region of frequencies between 120 rad/s 

and 200 rad/s  shown in Figures 13 and Ik  (frequency response), 15 and 

16 (Popov response) are plotted. Slope information consistent with 

Bode principles may be applied directly to these plots. 
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TABLE 1. INPUT FOR EXAMPLE 1 

1-10 2_ 11-20 
COLUMNS 
21-30 31-hO Remarks 

0 

0 
0 
k 
3 
1 
3 
3 
1 
1 
3 
3 
1 
2 
2 
3 
1 
1 
2 
3 
2 
3 
3 

o Program option 
control card 

Frequency Response 
k 1 
l.xlO"^ l.xlO 
3 i» 

.005 
25600. 3.2 
-1672. 1.2 
-2092. 

.005 
0. 0. 

i+00. 6. 
.081 

.   0. h6k. 
2.7 1. 

25600. 3.2 
.95 

k6k. 
2.7 1. 

25600. 3.2 
0. 1. 

koo. 6. 
25600. 3.2 

-9 
50^ 

Comment 
Problem 

1 
-LUV . J.VKJ . 

2 2 2 
1. 300. 

120. 200. 
1. 300. 

120. 200. 
1. 300. 

120. 200. 
1. 300. 

120. 200. 

o 
OS 
H 

1. 
1. 

A91.5 
1. 

1. 

1. 

1. 
1. 

10000 

o 
H 
D 
o 
3 
P 

a 

0+ 

H 

O 
P3 

H- 
O 
3 

f 
o 

o 
C 
CO 

card 
data cards 

•D 
fü 

fe 

Same as paragraph B2, 
Chapter IV,  TM No. 21 
Control card used to 
call all plot sub- 
routines. 
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EXAMPLE 2 

Table 6, and Figures 12 through lh  of Reference 1 are the 

A(s)/B(s) for a 2^th order linear system. Table 5 gives the F/E 

data input for this system, and Table 6 lists open-loop transfer func- 

tion. Figures 17 and 18 show the Bode plot and Figures 19 and 20 show 

the Popov plot. An expand plot of the region between 1 rad/s ^ uu ^ 200 

rad/s is shown in Figures 21 and 22 for the frequency response and in 

Figures 23 and 2k  for the Popov response. 

These two examples demonstrate the significant systems analy- 

sis capability that can be realized by using the tools developed in 

this document and the related programs contained in References 1 and 2. 

Detailed conclusions can be realized when high order feedback control 

systems are encountered. 

6.  CONCLUSIONS 

The method described in this memorandum for conrputing linear 

system root loci, steady state amplitude and phase, and the nonlinear 

system steady state modified phase-amplitude characteristic has the 

following merits; 

1. Accepts input in the form of sums of products of poly- 

nomials . 

2. Produces a log plot of the entire complex plane in two 

graphical displays. 

3. Produces selectable scaled linear plots of regions in 

complex frequency plane. 

k.    Relates the closed-loop gain to the graphical display. 

5. Produces a magnitude (db) vs log frequency steady state 

response plot. 

6. Produces a phase (deg) vs log frequency steady state 

response plot. 

7. Produces selectable scaled linear plots of magnitude 

and phase of the steady state frequency response. 

Next page is blank. 
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JULV 1<rtS9     BRLESC     FORTRAN   2   AND  A TT     4.,51 
*SA046     J.ANDRESE   BLOC   390   X2611        •♦♦•••♦•♦•♦•••••♦•••••••ROOT   LOCUS lb 

I MAXTI10IH1NS 
DO   10   J»l»100 1 

CALL  RTLCCS 2 
10  CONTINUE 3 

END ♦ 
C » 
C 6 
C 7 
c « 

SUBKOUTINF   RILOCS 9 
DIMENSION   SAVtK100, 100),SAVE2(IOC,IC0),XA(2CÜ0),XB(2000J 10 
DIMENSION  XllOOItlGAI100),IGB(100),C(100ltDnOOItANS(10C)v 11 

1SAVE(100),ERA(10C),ASI100},BS(100),AdOO),R(IOC»,ROOTR(ICO), 12 
2ROOTI(100),ATM100),CM100I,CKS1 IOC) 13 

INTEGER   COMkNTl20),DENSE«RCTLCStFXPNütFREQSR,STAR«STARlvSTAR2t I* 
• STAR«,ONE,ZEROfDOTvVEE,AYE,CASH,BLANKtgt lb 
* P0lNTn30,100),SP0T(13ü,50) 16 

DATA   ONE/lHi/,ZERO/lHO/,DOT/lH./vAYE/lHA/,VEE/lHV/vBLANK/lH   /, 17 
• DASH/lH-/t0/lHI/,STARl/lH0/,STAR2/lH^/,STA«3/lH./ 1« 

LOGICAL PKNT 19 
EQUIVALENCE   (SPOT(1,1)«POINT(1,1 ) ) ,(STARlvZERO),ISTAR3«00T)« 20 

* (JACKIE,KJ,I),(JOANNfKK.J) 21 
C0PM0N/»-REEK/A,B 22 
COMMON /INFO*/ 0,BLANK,DASH 23 
COMMON /INF07/ ICOUNT 2* 
COMMON SAVE1«SAVE2,P0INT 2b 
COMMON /INFOri/ROTLCS,EXPNC,FREOSR 26 
COMMON /INF09/ DENSE 27 
READ 15,10*) ROTLCS,EXPNC«FREQSR.DENSE 28 
REAOC-ai) COMENT 29 
*RtiE(6,13) COMENT 30 
!r(RCTLCS.NE«u«ANO«EXPND.NE«G«ANü.FREQSR«NE«C) GO TG 37 31 
IF(ROTLCS«cC.0.ANO«€XPND«EG.O) WRITc(6,3C) 32 
IF(FRCOSR.EC«O.ANO«fXPNO.EQ.O) WRITE(6,31) 11 
IF(FREQSR,EU,U«ANO.ROTLCS.EO.O) HRITE(6,32) 3* 
IF(R0TLCS«NE«OaAN0«EXPND«NE«O) WRITE(6,33) 3* 
IF (FRCOSR.NI-.wANO.EXPND.NE.O) WRITL(6,34) 36 
IFIFREOSR.Nb.O.ANO.ROTLCS.NE.O)   i4RIT£(6,35) 37 

38  00277   IOU«1,20CO 38 
XA(IOU)«0«0 39 

277   XR(I0U)«O«O *0 
DO   401   KK«1,1C0 Al 
DO   401   KJ>1,130 A2 

601 POINT(KJ,KK)«BLANK 63 
00 602 KK-1,130 66 
POINT(KKf51)«0ASH 65 

602 P0INT(KKV50)«0ASH 66 
DO 603 KK>1,100 6 7 
DO   603   KJ'36,125,13 68 

603 POI\T|KJfKK)«g 69 
DO 606 KJ'36,126 bO 
00 606 KK'7, 93,7 bl 
IF(KK«EQ«69)   KK-brt 52 

606   POINT(KJ,KK)«0ASH 53 
00  605   KK«7V   93«7 56 
IF(KK#E0«69)   KK»58 55 

605 POINT(25,KK)«0NE 56 
DO   606   KM26.28 57 

606 POINT(KK,7)«2ERO                                                      59 58 



I 

or 
68 
69 

00   407   KKs26t27 59 

407   P0INTtKK(lM«ZER0 60 

P0INTI26,?1)«ZER0 6l 
00   4C8   KKs3*>(65f7 62 
IFUK#EQ,49)   KK»5H 63 

«08   P0lNT(2*tKK)«U0r 64 
P0INT(25,42I«ZER0 ** 
P0lNT<25,58)aZERO <>*> 
P0INTC26,42)»0NF 67 
P0lNrC26t58)*0NF 
POINT«26,79)«ZERO 
PölNT|26fH6|.ZER0 ^0 
P0INT(27,86)«ZE«0 'I 
00   4C9   KK.26,28 12 

409   POINTfKK,<M)sZERO 73 
00   420   KK*1,100 74 
IF(KK.E0.4)   KK>98 75 

420   P0INT(26,KK)«C 76 
P'JINT(26,4)=VEE 77 
P0INT(26,,i7)«AYF 78 
00   /bBl   JACKIE»ltlOO 79 
00   7681   J0ANN«1,100                                                 - 80 
SAVEHJACKIE,J0ANN) = 0.0 81 

7681   SAVE2(JACKIL,J0ANN)«0«0 82 
H0*l 83 
ICOUNT«0 8* 
M|«0 8b 
JZO-l »6 
Kl»l 87 
|||.I 88 

140 FORMAT!KXt'HCELTAK«,110,5Xtl9HP0LY.AOOEO   IN   A(SI«, 110,5X.19HP0LY, 89 
•AODEO   IN   B(b)=,I10.5X,9HPRCB.NC.»,110) 90 

12   «<EAO   (5,101)   N,IA, IP, IPROB 91 
IF! IP.Nfc.O)   CO   TO   10 92 
IF! IA,NE,0)   GO   TO   10 93 
IF!   N.NF.OI   GO   TO   10 94 
IF(IPROH.EQ.ICOOO)   GO   TO   1016 95 

101      FORMAT   miu) 96 
10   WRITH6,l) 97 

00   5   I   «   It 101 98 
Ad)   ■   0,0 99 

5           BID   •   0,0 100 
FdRKl>0.0 101 
FORK?   •   0*0 102 
FORM  •   C,0 103 
WRITE   (6   ,102)IPR0n 104 

102   FORMAT   I1H1,   9X,AOHPOLVNOMI AL   MULTIPLICATION  AND   ROOT  LCCU&,44X,11 105 
IHPROßLEM  NO«,15//) 106 

IF   IN)   21,   20,   21 107 
20 REAO(5,103)V,UV,YT 108 

WRITE(6,140)N,1AVIB,IPROB 109 
WRIT£<6,1M)V,0V,VT HO 

141 F0RMAmH0,5X,10HK-INITIAL«F20a|0,5X,12HINCREMENT  K«,F20. lü,5X, 12H          111 
•R-TE«MINÄTE»,F20.10) 112 

103     FORMAT   (4F10.0) 113 
CO   TO  25 114 

21 REA0|5,1C4)(X(I)VI-1,N) 115 
WRITfl6,l*2)    iI.XIn,I«l,N) 116 

104 FORMATmiO.O) 117 
25   READ (5 ,105)(ICA (I), I • 1, IAI    6ü 118 



1*3 
142 

144 

105 
300 

15 

200 

48 

106 
49 
51 
56 

53 

NUMERATOR«1110) 

52 

50 

54 

55 

65 

67 
68 
1*5 

1 
6800 
6802 

6801 
6803 

70 

WRITF(6«1*3) (I, IGA( I», I»lf lA) 
FORHATC10XV2*HNUMBER OF POLY. IN GROUPf » r 
FORMAT!10Xv2HX(tI3t?H)-tF20.10) 
READ 15 tlOSHIGRU)« J« 1» IB) 
WRITE(6(1*4) (J,IGR(J)»J«lfIB) 
FORMAT!10X»?4HNUMRER CF POLY« IN GROUP, I3,16H OF DENOMINATOR»,110 

♦ ) 
F0RMAT(7I10) 
DO 15 I >  1,100 
SAVF(I) s 0.0 
ISDEG « 0 
JJ « 1 
READ (5 ,106)M0EG,( Cd), I<1, 6) 
IFIMDEG.GT.6) GO TO 48 
WRITEI6V145) (I,Ct1),I«1,M0EG) 
IF (MDEG - 6) 49,  49,  48 
READ (5 ,104)(C(I), I * 7, MDEG) 
WRITE(6fl45) (I,C(I),I-1,MCEG) 
FORMATdlO,6610.0) 
IF (IGA(JJ)-l)  50, 51, 5C 
00 56  I« 1, MDEG 
ANSCi) ■ cm 
IAOEG » KDEG 
IF (ISDEG - MuEG)  52, 52, 53 
INDEG « ISDEG 
GO TO 68 
INDEG » MDEG 
GO TO 6H 
READ (5 ,106)N3EG, (U(I), I *1, 6) 
IF(N0EG.GT.6) GO TO 54 
WRITE(6V145) (I,D(I),I>1,NLEG) 
IF INDEG - 6)  55, 55, 54 
READ (5 ,104MD(I), I«7, NCEG) 
WRITC(6,145) (1,0(1), I>1,NCEG) 
IAOEG > NDEG • MUEG -1 
CALL POLMPY (C,MDEG,D,NDEG,ANS ) 
IGA (JJ) ■ IGA(JJ) -1 
IF (IGA(JJ) -1) 65, 65, 64 
DO 63  I ■ 1, IAOEG 
CHI * ANS(I) 
MDEG «IAOEG 
GO TO 50 
IF (ISDEG - IAOEG) 66,66,67 
INDEG « IAOEG 
GO TC 68 
INDEG « ISDEG 
CALL POLADO (SAVE,ISOEG,ANS,IAOEG,ERA) 
FORMAT!10X,2HC(,I),2H)>,F?0.10) 
WRITE(6,1) 
FORMAT!1H1//) 
IF (FRA( INDEG))6R03, 6802, 6803 
INDEG ■ INDEG - 1 
IF (INUEG)  6Ö01, 6801, 6800 
INDEG « 
JJ • JJ 
00 70 I 
SAVE(I) 
ISDEG • 
IA « IA 
IF (IA) 

1 
♦ 1 
> 1, INDEG 
« ERA(I) 
INOEG 
-I 
201, 201, 200 

6i 

119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
14) 
14b 
149 
150 
151 
152 
153 
154 
155 
156 
157 
158 
159 
160 
161 
162 
163 
164 
165 
166 
167 
168 
169 
170 
171 
172 
173 
lf4 
175 
176 
177 
178 



?0l  IF (FORKl) 202* 202« 203 179 
C     SAVf: NUKCRAIOR, 160 
202 00 220 I « It ISOEG 161 
220  Ad) ■ SAVEII) 182 

IDA • ISOEG 183 
IA > IB 164 
FORKl « UO 16* 
00 ?10 1*1« IA 186 

230  IGAd) ■ IGHd) 187 
C     START DENOMINATOR 188 

GO TO 300 189 
C     SAVE OENOM. 190 
203 DO 240 I ■ 1« ISOEG 191 
240  Bill ■ SAVE(I) 192 

IOB ■ ISOEG 193 
WRITE (6 ,109) 194 

109  FORMAT ( 10X«41HC0EFF IC IENTS ARE GIVEN IN ASCENDING ORDER/////)        19*» 
339 IF (A(IDM) 140« 341« 340 196 
341  IDA = IDA - 1 197 

IF (IDA)  145« 34,>« 339 198 
345  WRITC (6 «120» 199 
X20    FORMAT (IHO,IOX,2OHPOLVNOMIAL A IS ZERO//)                    200 

F0RK2 » UO 201 
GO TO 413 2U2 

340 IF (IDA - 2) 346« 347« 335 203 
346 WRlTE(6«12nA(l) 204 

STAR«STARl 205 
PRNT'.TRUE, 206 

121 FORMAT aHO«IGX,2HHP0LYN0MIAL A IS A CONSTANT ««IPU16.7//)            207 
GO TO  410 206 

347  ROOT * - A(1) / AI2) 209 
WRITE 16 «133)A(1), A(2) 210 

133  FORMAT (10X«21HTHE COEFFICIENTS OF A/1P2E20.7)                         211 
WRITE (b •1??)R«?0T 212 
STARBSTAKI 213 
PRNT'«TKOE« 214 
ANUMBI»R0CT 215 
ANUMK7«0.ü 216 
CALL PLCTFR(SAVE1«SAVE2«ANUMB1«ANIJMB2«PGINT,XA«XR«MI«PRNTVSTAR«III 217 

*,N(H 218 
122 FORMAT (IHC,10X«23HP0CT OF POLYNOMIAL A IS«1P1E16.7//) 219 

GO TO  410 220 
C     WRITE POLYS 221 
335  I01A «IDA -I 222 

WRITE (6«107)101A«IAU)«I>1«I0A) 223 
K > IDA 224 
00 800 I ' 1«ICA 225 
AS(I) > A(K) 226 

800  K > K-l 227 
I0P2A«IDA *2 226 
IU2A- 2 «ID1A 229 
CALL MÜLLER (AS,I01A,ROOTR,ROOTI )                                      230 
UO 805 I > 1,101 A 231 
SAM  «   100.   *   AMAXKABSIROOTRim.ABSIROOTIf DM 232 
IF   (SAM   I   ARSIROOTRIl))«EQ.   SAM) RCCFRJl)«   0.0                                                           231 
IF   (SAM   ♦   ARSCROCTK I : ).EQ.   SAM) RCCTKU»   0.0                                                              234 

805  CONTINUE 235 
400     WRITE   (6«111)    (ROOTRi I)«ROGTI( l)«I«l«IOU) 236 

CALL   ERCHEKIROOTI,IDIA) 237 
PRNT««TRUE« 62                                                                                238 



SrAK«STARl 299 
00 2 III-ltlOlA 2^0 
ANUMBl«ROOTRIim 2A1 
ANUHB2«ABS(R00TI(im» 242 
CALL PL0TERISAVEltSAV€2fANUMBlfANUKB2t^0INTtXAflBtNltMNTtSTARtIII    243 

•,N0) 2** 
2 CONTINUE 245 

410 IF(B(LOBI) 4llr 412, 411 246 
412  I0B « I0B - 1 247 

IF (IOBI  4A5t 445« 410 248 
445  WRITE 16 ,1231 249 
123 FORMAT (IHOt10X,20HP0LVN0MIAL B IS ZERO//I 250 

IF (F0RK2)12,450,12 251 
450 FORK) « UO 252 

GO TO 698 253 
411 IF (IOB - 2)  451, 452* 499 254 
451 WRITE 16 ,124)B(IDB) 255 

STAR«STAR2 256 
PRNT-.FALSE* 257 
STAR«STAR3 258 

124 FORMAT (IHO,10X,26HP0LYN0MIAL B IS A CONSTANT -,1P1E16.7//I 259 
GO TO 698 260 

452 ROOT ■ -8(1) / B(?) 261 
WRITE (6 ,13418(1). 8(21 262 

134  FORMAT (10X,21HTHE COEFFICIENTS OF B/IP2E20.7)                        263 
WRITE (6 ,123)R00T 264 
STAR-STAR2 265 
PRNT*.TRUE« 266 
ANUMBl'ROOT 267 
ANUMD2>0«0 268 
CALL PL0TER(SAVEl,SAVE2,ANUMBl,ANUMB2,P0INT,XA,XB,MI,PRNT,STAR,m    269 

••NO) 270 
PRNT«.FALSE. 271 
STAR«STAR) 272 

125 FORMAT (1H0,10X,2)HR00T OF POLYNOMIAL 8 IS.IPIE16.7//) 273 
GO TO 698 274 

107 FORMAT (10X.42HTHE COEFFICIENTS OF POLYNOMIAL A (ORDER - U,IH)/ (    275 
11P6E20.7)) 2 76 

499 I01B « IOB -1 277 
WRITE (6,lOb)IOlB.(R( I). I-l.IOB) 278 

108 FORMAT (////10Xf42HThE COEFFICIENTS OF POLYNOMIAL 8 (ORDER » 13,IM    279 
1)/ (1P6E20.7)) 280 
K » IOB 281 
00 801 I - l.ICB 282 
BS(I) « B(K) 283 

801  K - K-l 284 
I&P2B" IDB ♦ 2 285 
ID2B « 2 ♦ IDIB 286 
CALL MÜLLER (BS,lülB,RO0TR,RO0TI) 287 
00 806 I - I.IOIB 288 
US « 100« • AMAXl(ARS(ROOTR(I))tABS(ROOTI(lin 289 
IF (SAM • ABS(ROOTR(I)).EQ. SAM) RCOTR(I)» 0.0 290 
IF (SAM • ABS(R00TI(I)).EQ. SAM) RCOTKD« 0*0 291 

806 CONTINUE 292 
500  WRITE (6,ll2)(ROOTR(|),KO0TI(I).I» 1,1018)                             293 

CALL ERCHEM ROOT I.IOIB) 294 
STAR«STAR2 295 
PRNT».TRUE. 296 
DO 3 III>l,IülB 63                            297 
ANUM61>R00TR(III) 298 



ANUMB?.APS<ROOTI( III 11 299 
CALL  PLOrERISAVEl(SAVE?,ANUMBl,ANUMB2fPOlNTvXAtXBtNltPRNT»STARvIII          300 

♦.NO) 301 
3  CONTINUE 302 

PRNT««FALSE« 303 
STARsSTARI 304 

111 FORMAT   I1H0»11X«UHTHE  ROOTS  OF   A/   I1PIE2C.7.6H ♦!   11P1E14« 7f 1P1          30S 
1620.7,6H        *I    ,IP1EI<..7,IPIE20.7,6H        ♦!    •1P1E14#7}| 306 

112 FORMAT   ( IHD.IU. UHTHE   ROOTS  OF   B/   (lPlE20«7f6H »I   • IP1E14.7,1P1           307 
IE20.7.6H        *l   •lPlEU.7.1PlE20.7f6H        ♦!   •lPlElA.7n 308 

698 IF   (F(RK2)12t699v 12 309 
699 IF   |F0RK))12t6991(12 310 

6991   WRITE   (6   V102)IPR3B ill 
MSHEET   «   5 312 

C             START   K   CALCULATIONS 313 
IF   (Nl    70?,702,533 31* 

533     00   S50   I«   1,   U 315 
00   541   J*   1,    IDA 316 

541      ATK(J)   ■      X( I »   ♦   AUI 317 
C             COMPUTE   RDOTS   OF   K   •   A   ♦   B 318 

IOC*   MAXOt    IDA,    ICRI 319 
CALL   POLAOO   (ATK, IOA,P,IOB,CK I 320 
IDS   ■   IDC 321 

554 IF   (CM I0SM555,    557,   555 322 
557 IDS » IDS - 1 323 

IF   (IDS)   558,558,   554 324 
558 WRITE   (6   ,129m I ) 329 
129 FORMAT (IHOaoX^SHPOLYNCPIAL K«A ♦ P IS ZERO FOR K =, IPlt 16. 7//) 326 

CO   TO   550 32 7 
555 IF   (IDS   -   2)      559,   560,   561 328 
559 WRITE (6 ,130)CKI IDS I, X(l) 329 
130 FORMAT (1H0,10X,35HP0LYN0MIAL K*A ♦ B IS A CONSTANT • ,IPIEI5.7,10    330 

IN FOR K «  ,lPlE14a7//| 331 
GO TO 55.) 332 

560 ROOT • -CM U / CK(2) 333 
WRITE (6 ,13l)R00T, Xf1) 334 

131 FORMAT (IMO,IOX,18HROOT OF K«A ♦ B « ,IPIE15.7,10H FOR K >  ,1P1E1    335 
\<*,1/n 336 
GO TO 55Ü 3?7 

561 K > IDS 338 
00 8C3 J > 1,IDS 339 
CKSU)   *   CMK) 340 

803     K   »   K   -   I 341 
ID1C   »    IDS   -   1 342 
IDP2C   «    IDS   ♦   2 343 
I02C     >   2     *   I01C 344 
CALL   MULLFR   ICKS, I01C,R00TR,R00T1) 345 
DO   807   J   «   I.ICIC 346 
SAM   ■   100.   *   AMAXl(ABS(ROOTR(JM,ABS(ROOTIfJM) 347 
IF   (SAM   •   ABS(ROOTR( JM.EO.SAM)      RCOTR(J)   ■   0.0 348 
IF   (SAM   •   ABS(ROOTI( JM.EQ.SAM)      RCCTKJ)   ■   O.C 349 

807 CONTINUE 350 
WRITE (6f80B) IDIC,X( IMCMJ), J«l,IDSI 351 

BOB  FORMAT   f///1GX,4BHTHE  COEFFICIENTS  OF  POLYNOMIAL K»A  ♦  B   (ORDER   >             352 
113,7M)      K   «   lPlEl6.7/( IP6E2C.7M 353 

545  WRITE   (6,115MROOTR(J),R00Tim,J>l,IDlC) 354 
CALL   ERCHEK(ROOT 1,1010 355 
CALL   SAVER(R0GTR,R00TI,I01C,SAVE1,SAVE2,JZ0,K1) 356 

115   FORMAT   (1H0,9X,16HR00TS   OF  K*A   ♦   B/(1PIE20,7,6H ♦   I   •1P1E14«7,1P1           357 
IF20.7,6H     ♦   |    ,IP1E14.7,1P1E20.7,6H     ♦   I   ,1P1EM.7)) 35B 

61i 



»♦52 MSM6ET » MSHE6T - 1 
IF (MSHEtT) 546, 546t 550 

S46 WRITE 16 •102IIPR0B 
HSHEtT » 5 

550 CONTINUE 
GO TO 12 

702 00  705  J « 1, IDA 
705 ATKIJI < V • AIJI 

COMPUTE ROOTS OF K • A ♦ i 
IOC« HAXOIlOAt IOB) 
CALL POLADO I ATK,IDA,PvIOB.CK) 
IDS ■ IOC 

754 IF (CM IOSI )75S, 757, 755 
757 IDS » IDS - 1 

IF (IOSI 758, 758, 754 
758 WRITE (6 ,l^)Y 

GO TO 711 
755 IF (IDS - 21 75«»9 760, 761 
759 WRITE 16 tnOICK( IDS), Y 

GO TO 711 
760 ROOT - -CM l) / CM?) 

WRITE (6 ,lH)RO0r. V 
CO TO 711 

761 K * IDS 
DO R04 I ■ I,I US 
CKS(I) ■ CMKI 

00« K « K -I 
ID1C ■ 10S • 1 
IDP2C » IDS ♦ 2 
I02C  = ? ♦ ID1C 
CALL PULLER ( CKS,IOIC,ROCTR,ROOT1) 

iff 
178 
J79 
380 
181 
182 
181 
18« 
185 
186 
Ml 
188 
189 

00 »09 I * l.ICIC 190 
SAM * 100. • AMAXKABSIROOTRI in,ABS(ROOTI(l)l) 191 
IF (SAM ♦ ABS(ROOTR( I» ).E0. SAMI ROCTRIU« 0.0 192 
IF (SAM ♦ ABS(R00TI( m.EQ. SAM) RCOTKD« 0.0 391 

809 CONTINUE 394 
WRITE (6,80e)l0lC,V,(CK( l)vl«l,IDS) 395 
WRITE (6,115) IR00TR(J),RCCTI(J),J«1,I01C) 396 
CALL ERCHCKIROOTUIOIC) 397 
CALL SAVER(K0üTR,ROOTI,I01C,SAVE1,SAVE2,JZ0,K1) 39» 

711 Y « Y ♦ OV 399 
IF (Y - YT) 712,712,12                                                 400 

712 MSMEET « MSHFfcT - 1 401 
IF (PSHEET) 713, 713, 702                                              402 

713 WRITE (6 tl02)IPR0B 403 
MSHEET » 5 404 
GO TO 70?                                                               405 

37 WRkTE(6,l6) 406 
GO TO 38 407 

1016 CALL   PL0rFR(SAVEl,SAVE2,ANUMBl,ANUMB2,P0|NT,XA,XBtM|,PRNT,STAR,||| 408 
••NO) 409 

1018   IF(EXPNO.EQ.O)   GO   TO   1017 410 
REA0(5,2?)L 411 

22 FORMAT(IIO) 412 
IFIL.EQ.Ot GO TO 1017 413 
CALL EXPANO(L,XA,XR) 414 

1017 IF(FREOSR.EQ.O) RETURN 415 
CALL FREORS(XA,XB) 416 

U FORMATIZOAM 417 
13 FORMATI///////////,20X,20AM 65 418 

359 
360 
961 
362 
363 
364 
365 
366 
36 7 
368 
369 
370 
171 
172 
373 
374 
3 75 
176 



30 
31 
32 
33 

34 

35 

36 

C 
C 
c 
c 

10 

c 
c 
c 
c 

2 

10 

11 
20 
25 
15 
30 

C 
c 
c 
c 

FORMAT!/// 
FORMAT!/// 
FORMAT!/// 
FORMAT!/// 

•EEN PLOTTE 
FORMAT!/// 

•€ BEEN PLJ 
FORMAT!/// 

•SE HAVE RE 
FORMAT!/// 
RETURN 
END 

/20X,MHONIV TME FREQUENCY RESPONSE HAS SEEN PLOTTED   » 
/20Xt^5H0NLV THE ROOT LOCUS LOG PLOT HAS BEEN PLOTTED  I 
/20X.39H0NLV THE LINEAR EXPAND HAS BEEN PLOTTED   I 
/20X(59HTHE ROOT LOCUS LOG PLOT AND LINEAR EXPANÜ HAVE B 
0     I 
/20X.Ä2HTHE LINEAR EXPAND AND THE FREQUENCY RESPONSE HAV 
TTEG   I 
/20XV<>8HTHE   ROOT   LOCUS   LOG   PLOT   AND   THE   FREQUEKCV   RESPCN 
EN   PLOTTED I 
/23Xt28HEVERYTHING HAS BEEN PLOTTED     I 

SURROUTINE POLMPY (A.N.fl.M.C) 
DIMENSION All),»! II,C( 1) 
K « M4N 
00 5 I«1VK 
C( I ) = 0.0 
00 10 I*lvN 
L « 1-1 
00 10 J«1,M 
L » L*l 
CCil - C(L »«A! n*fl(J| 
RETURN 
END 

SUnRCUTINE PCLAOO !AtNvB(MvC) 
DIMENSION A!ll(n( D.C! U 
IF !N-M) 1,1.? 
NK « N 
CO TO 5 
NK » M 
00 10 1=1,NK 
C!II * A! n*ßl I) 
NK ■ NKM 
IF (N-M) ll,25tl5 
00 20 I=NK,M 
Cd) ■ B!l) 
RETURN 
DO 3C I«NKtN 
Cd) - Ad) 
RETURN 
END 

19 
7 

SUBROUTINE 
DIMENSION 
N2»Nm 
N4«0 
1>NU1 
IFIC0E!l))9v7f9 
N4sN4«l 

MULLERICOEtNlvROOTRtROOTI I 
C0Ell)tRO0TRll)»RO0TI!n 

66 

♦ 19 
420 
421 
422 
423 
424 
425 
426 
427 
428 
429 
430 
431 
4 32 
433 
434 
4«S 
436 
437 
438 
439 
440 
441 
4»42 
443 
444 
445 
446 
44 7 
448 
449 
450 
451 
452 
453 
454 
455 
456 
45? 
45b 
459 
460 
461 
462 
463 
464 
465 
466 
467 
468 
469 
470 
471 
472 
473 
474 
475 
476 
477 
478 



I 
*00TRff«4l>0. 
ROOT11*41»0« 
IM-l 
IF(N4-NII1VV37V19 

9  CONTINUE 
10 AXMO.e 

AXI-O« 
L>1 
Nl«l 
ALP1R>AXR 
ALPll'AXl 
«»I 
coT(m 

11 BETlKsTENR 
BET1I«TEHI 
AXR«0.85 
ALP?R«AXR 
*LP2|sAXl 
M.2 
G0T099 

12 nET2R'TEPR 
RET2I«TEHI 
AXRsC.9 
ALP3R-AXR 
ALP3I*AXI 
MM 
G0T099 

13 RET3R*TEHR 
BET3I«T£PI 

14 TE1>ALP1R-ALP3R 
TE2sALPlI-ALP3l 
TE5«ALP3H-ALP2R 
TE6«ALP3I-ALP2I 
TFP«TCr>*TEb*TE6*TE6 
Te3«(TEl*TEb*TE2»TE6l/TEM 
rE*«(TE2*TE5-TEl*TE6l/TEM 
TE7«TE3*U 
TE9«Te3*TE3-TE4«TC« 
TE10»2,*TE3*TE4 
ü£l5»TE7*eET3R-TE4»RET3l 
0E16=TE7»BET3I*TE«*RET3R 
rEll«TE3*BET2R-TE4«BET2I»8ETlR-0E15 
T612»TE3»REr2I*TE4»BET2R*BETlI-OE16 
TE7»TE9-1. 
TE1«TE9»PET2R-TE10*BET2I 
Tt2»T£9«RET2I*TE10«RET2R 
TEl3»TEl-BcTlH-TE7*RET3R^TE10*BET3l 
T£14»TE2-PET1I-TE7»BET3I-TE10«BET3R 
TE15«DE15*TE3-0E16*TE* 
T£16»DEli*TE4*0E16*TE3 
TEI»TE13*TE13-TEU*TE14-4.*<TE11»TE15-TE12*TE16| 
T£2*2.*TE13*T£U-4«*(T612«TE15*TE11*TE16I 

TEM  «   SORT   (TE1*TEUTE2*TE2) 
IFirEU113v113tll2 

113        TE4   «   SORT   (.5   •   IT E^  -   TEDI 
TE3«,5*TE2/TE4 
CO   TO   111 

112        TE3  «   SORT   (.5   •   ITEP   ♦   TEH) 
IF(T£2)llOf200t200 

HO   TE3—TE3 
67 

479 
4B0 
481 
482 
483 
484 
483 
486 
487 
488 

490 
491 
492 
«»93 
494 
495 
496 
497 
49« 
499 
500 
5U1 
502 
50 3 
504 
5Ü5 
506 
50 7 
508 
509 
510 
511 
512 
5U 
514 
515 
516 
517 
51B 
519 
520 
521 
522 
523 
524 
525 
526 
52 7 
528 
529 
5 30 
531 
532 
533 
534 
535 
536 
537 
538 



15 
3i 
16 

17 

200  TE4-.5ME2/TE) 
111   TE7»TE1J*TE? 

rE8«TEl««TE4 
TE9-TE1J-TE3 
TE10«TE14-TE4 
TE1«2«»TEIS 
TE2»2.*fEl6 
If ITE7*TF7«TEH«TE8-TE9«TE9-TE10«TE101204,204*205 

204 TE7-TE9 
TE8*TE10 

205 TEM«TE7*Tr7»TE8»TE« 
TE3«ITEI»TE7«IE2*TER|/TEM 
TE4«(TE2*TE7-TEl*T€<n/TEM 
AXR»4LP3R*ft3»TE5-TE4*TE6 
AK|«ALP3I*T61»TE6»TE4*TE5 

ALP4I*AX| 
M«4 
GO   TO   99 
N6«l 

IE   (ABS   (HELL!   ♦   ABS   (BELLI   -   l.E-20)   18.18,16 
IE 7   ■   ARS   (ALP3R   -   AXRI    •   ABS   (ALP3I   -   AXl I 
IF   (TE7   /   (ABS   (AXRI   ♦   ABS   (AXIII   -   1.E-7I18,18,17 

N3«N3*1 
ALP1(|SALP2R 
ALP1I'ALP2I 
ALP2R>ALP3R 
ALP2I«ALP3I 
ALPIR«ALP4R 
ALPfl'ALPAl 
BETlR-BEr2R 
RET1I«BET21 
B£T2P.»BETJR 
3ET2I«B!:T3I 
BET3R«TEfR 
BET3I«TEKI 
IE(N)-100tl4,18,18 
N4«N4«1 
R00TR(N4I*ALPAR 
R00TI(N4|sALP4l 
N3«0 
IF(S4-N1I30,37,37 
RETURN 
IE (ABS (R00TIIN4II - 1.E-5110,10,31 

GO T0(3?,10I,L 
AXR«ALP1R 
AXI*-ALP1I 
ALP1I«-ALP1I 
H«5 
GO TO 99 

33 BETIR«TE«R 
BET11*TEM| 
AXR«ALP2R 
AX|«-ALP2I 
ALP2I«-ALP2I 
M«6 
GO TO 99 

34 BET2R*TEMR 
RET2I-TEMI 68 
AXR*ALP3R 

18 

41 
37 

30 
31 
32 

5! 
54 
5* 
54 
54 
54< 
54 
5< 
54 
54 
5< 
5' 
5« 
5* 
5« 
5'. 
5« 
S« 
5! 
5« 
5« 
51 
S« 
5« 
5« 
5( 
56! 
5( 
5< 
5< 
5< 
5 

51 
5, 
11 
5 
51 
5 
51 
51 

9 
0 

8 
9 

580 
5B1 
582 
583 
584 
585 
586 
587 
588 
589 
590 
591 
592 
593 
594 
595 
596 
597 
598 



AX|«-ALP1I 599 
ALP11«-ALPM 600 
L«2 601 
M«l 602 

99   TEHR'COCIll 603 
TEM|«0«0 604 
00lOCI«l,Nl 605 
TEl«TFMRMXfl-TEN|*AX| 606 
TCM|=TEMI*AXR»TEHR*AX| 607 

100 TEHR= TEl«COEft«ll 60» 
HELL^TEMR 609 
BELLMEMI 610 

42   IFIN4ll02.10)t102 611 
102 D01C1I«1VN4 612 

TEMlsAXR-RQurMU) 61) 
TEK? = «XI-fcOJT HI» 6U 
TE1»TEH1«TEPMTEM?*TEH2 61i 
TE2«ITEMR*TEMI*TEH|»TCM2I/TE1 616 
TtM|.|TEHI*TeMl-TEMR«TEM2»/TEl 617 

101 TEPR>TE2 61« 
103 GO T0(llf12vl)t15t3)t34|v»' 619 

END 620 
C 621 
C 622 
C 623 
C 624 

SUBROUTINE   EXPLOTIXARRAV.ICINEN»VARRAYvKOIWEN(BLIMlTtLETI 62^ 
INTEGER   POINT! 130,100»,CRAPHU 120,58),STAR 626 
DIMENSION   XARRAVIIOIMENIvVARRAVlKDIPEN) 627 
DIMENSION   ENCRHl(120)tENCRM2l58) 626 
DIMENSION   SAVEK100vlC0ltSAVE2f100*1001 62V 
COMMCN   SAVElvSAVE2tPCINT 630 
fOUlVALENCE(POINT(1*11*GRAPHIC 1, 1)1 631 
DATA   STAR/1H«/ 6i2 
WRITE(6VU 633 
«FA[)(S,l(.'»Ül,L? 6)4 
D3«RLIM|T 6)3 
D4*-PLIM|T 6)6 
IF (l)?.GT.Dl»   CALL   SW I TCH( Cl ,D2 » 6)7 
IF(04.GT.D3I   CALL   SU ITCHI C)fD4 } 6)» 
ICl«D) 6)9 
JDIM^N'KDIMEN 640 
CALL   BLANKK(CRAPHL,12C,58,120) 641 
DG   22   I=1,JCIMEN 642 
X=XARRAY(I» 64) 
Y=YARRAY(I» 644 
mx.EQ.O.C.ANC.Y.EQ.O.O)   GO   TO   22 643 
CALL   LINAR   IX,LIP ITX,120tClt02tENCRMlI bMb 
CALL   LINAR   ( Y ,Lm TY ,58, 03, 04, ENCRP2 ) 647 
IFILIMIIX.CC.0.0R.LIMITY.EC.0»   GO   TG   22 648 
LIM|TX«121-LIMITX 649 
GRAPHL(LIM|TXfLIM|TV|«STAR 630 

22   CONTINUE 631 
WRirE(6,30)    ICl,LET,(GRAPHL(I,ll,I»l,120) 632 
IC1'04 633 
MRITE(6V34I((GRAPHL( I,J), I'1, 120»,J«2,37 I 634 
MRITE(6«30)   ICltLET*(GRAPHL(l*38ltl«l*120l 633 
WR|TE(6,33)   02*01 636 

1   FORMAT(lHl) 637 
10   FORMAT(6F10,0*20X) 69 638 



30 
34 
39 
61 

C 
C 
c 
c 

10 

11 

20 
40 

c 
c 

c 
c 

10 

c 
c 
c 
c 

FORMTf IX, l4tA4v lXt12CAl I 
FORMATnOX(120All 
FORMATf3XvlPlE10«)v7H«A3/SECt91XvlPlE10«3tTNRAO/SECI 
RETURN 
END 

SUBROUTINE LINAR (VVL!M|TVtIOIMENvUlMNSl»0!HNS2»ENCRHfI 
UIMENSION ENCRHTfIOIPEN) 
0IMENS>0IKNS1-CIMNS? 
LIMITV-O 
J«I0IMEN-1 
A«J 
0ELTA*0IMENS/A 
ENCRMTf1I«0IMNS1 
ENCRMTIIOIMENI«OIMNS2 
UO   10   I«?,J 
ENCRMTlIlsENCMMTlI-II-OELTA 
DO   11   |«ttJ 
IFIV.LE.rNCRPTII I.ANC.V.GE.ENCRHTIMIDGC   TO   20 
GO   TO   40 
LIMITV«! 
RETU«N 
FND 

bH|TCH(X,Y) SUBROUTINE 
T6ST«V 
V»X 
X-TEST 
RETURN 
END 

SUBROUTINE   ERCHEMX.M 
ÜIHENSION   XdOOl 
OATA   ERRtIM/O.IF-H/ 
00   10   J=1,I 
IFCABSIXU) I.LT.ERRLIHI 
RETURN 
END 

X(J)«0.0 

SURROUTINE   EXPAND!ILOVEtXtY I 
DIMENSION  SAVElllOO,lOOI»SAVE2(100tl00ltX2l20OOlfV2l2000)«X(2C0Olt 

• Y( 2000 I v XI ( 2000 I tYK 2000) ,211251«/11871 
INTEGER  SPOT!130«50I«DASH,C«BLANKVPCINT(130*10CI 
DATA  C/1HI/,   CASH/1H-/,BLAKK/1H  / 
DATA  APLUS/0.0/tBPLUS/OvO/*AM|NUS/0*0/«BMINUS/0«0/ 
COHMCN  /INFÜ4/   0,BLANK,DASh 
COMMON  /PAYNE/AMVAP,BM,BP 
COPMCN   /PJ/X1,V1 
COMMON   S*VEI,SAVE2,POINT 
E0UIVALENCEUP«APLUSI9lAM«AM|NUS),fBMvBMINUSI*f6P«BPlUSI 
EQUlVALENCE(Xl(l),Z(in,(Yl 111,21111) 
EQUIVALENCE   (SPOT(It 1)«POINTI1,1)),111,I 2) 

70 

6S9 
660 
661 
662 
663 
664 
665 
666 
66 7 
668 
669 
670 
671 
672 
673 
6 74 
675 
676 
677 
678 
679 
680 
681 
6H2 
683 
684 
685 
686 
68 7 
688 
689 
690 
691 
692 
693 
694 
695 
696 
697 
698 
699 
700 
701 
702 
703 
704 
705 
706 
707 
708 
70S) 
710 
711 
712 
713 
714 
715 
716 
717 
718 



00 40   JM.ILOVE 719 
00  50  M« 1,2000 720 
XlfMI-0.0 721 

50   VlfM|«0«0 722 
CALL     BLANKRISPOT.I)0f50t1261 723 
00  5*  H«1,2000 72* 
X2IM1«0.0 725 

54   V2(H|«0.0 726 
REAOI5flO)   OMEGA,ENCRHT.SIC^A,DELTA 727 
OMEGA'ABSOMEbAI 72S 

10   FORMATI4F10.0I 729 
A'ENCRHT 7)0 
l>ERCNT»A*Oa01 731 
B«0MEGA 732 
B=R*PERCNF 7)3 
APLUS«B«CHEGA 734 
Ü«AMINUS 737 
11-1 7)11 
AMINUS«CMEGA-B 735 
C«APLUS 7)6 
00  41   L»l,2000 7)9 
IF|V(LI«LT#0IG0   TO 41 740 
IF1VILI.GT.CIG0   TO  41 741 

23   XlfIll>XIL) 742 
Vlflll*V(LI 743 
I1«I1*1 744 

41 CONTINUE 745 
A«0ELTA 746 

901   PtRCNT>A*0.01 747 
B«SIGKA 740 

903   B»B*PERCNT 749 
BPLUS«SIGMA«B 750 
BMINUS>SiGMA-B 751 
C'RPLUS 752 
O-RMINUS 75) 
12-1 754 

910  UO  42   L*l,2ü0: 755 
IFIC.GT.0,01   GO  TO  60 756 
IFIXKLI.GT.O)   GO   TO   42 757 
IF(XlfLI.LT.C)   GO   TO  42 758 
GO   TO  25 759 

60   IFfXHD.GT.C)   GO   TO  42 760 
IFfXlfLI.LT.OI   GO   TO  42 761 

25   X2fI2)«Xl(L» 762 
V2(I2I«V11L) 76) 
I2»I?M 764 

42 CONTINUE 765 
CALL   SPLIT(X2fV2,SPOT,APLUS.AMINUS.BPLUS.BMINUSI 766 

40  CONTINUE 76 7 
RETURN 76tt 
END 769 

C 770 
C 771 
C 772 
C 77) 

SUBROUTINE   SPLIT(X,Y,SPOT,APLUS,AMINUS*BPLUS,BMINUS) 774 
DIMENSION   Xl(2000lvVlf2000l 775 
DIMENSION   X(2COOI,Y(2000),ZI125I,Z1(87) 776 
INTEGER   SPOT!1)0.501 777 
COMMON   /PJ/X1.Y1 71 778 



EouivALENCEixi'iuzmumm.zimi "* 
A«APLllS 7SO 
R>AMINUS 781 
C«A-R 782 
Ü«8PLUS T83 
E«BNI«IU^ 784 
G>A8SfOI 78) 
HsABSlEl 786 
F«G~H 787 
0£LTA»C/12*.0 788 
OIFfxF/50.0 789 
UO   11   J'lt124» 790 
/(JI'A 791 

11 AsA-DELr« 792 
Z112S|«n 791 
IFIO.LT.O.OIOIFFs.ciFF 794 
ÜO 12 J*1.49 19b 
ZllJ»«0 796 

12 0«0-OIFF 797 
IMSOI«E 798 
CALL QRAKUPIZ.X.V.SPOT.Zll 799 
RETURN 000 
END 901 

C 902 
C 80) 
C 804 
C 805 

SUBROUTINE BRAKUPfVVVX(V.SPCTt XX I 806 
LOGICAL SKIP.SMP1 807 
INTEGER SPOT! DO.^OI» XPT.YPT.STAR 80B 
DATA STAR/1HX/ 809 
DIMENSION Xf2000ltVf2000ltVV1125lvXXf871 810 
COPMON /PAYNE/APVAPVB»*VBP 811 
EQUIVALENCEIAP^APLUSI«!AHvAMINUSI»(BMvBMINUSlffBPv8PLUSI 812 
SKIP-.FALSE* 813 
SKIPI'.FALSE« 814 
00  43  J«lt2G0C 815 
UO   41   |«lf|25 816 
IFIYIJI.NE.u.OI   CO   TO   30 817 
IFfXUI.NE.O.OI   GO   TO   30 818 
L«J*1 819 
PsJ«6 820 
00  60  N=L,M 821 
IF(N.GT.2000I   GO   TO  60 822 
IF(YINI#NE*0*GI   GO  TO   30 823 
IFIXINI.NE.O.OI   GO   TO   30 824 

60  CONTINUE 825 
GO   TO  40 826 

30   IFISKIPI   GO   TO   20 927 
IFIYUI.LT.YYf ID   GO   TO   20 828 
YPT«I 829 
SHIP».TRUE. 830 

20   IFISKIPIIGO   TO  48 831 
IFII.GT.50)   GO   TO   43 832 
IFIflPLUS.GT.O.OI   GO   TO   10 833 
IFIXUI.GT.XXIItl   GO   TO   43 834 
GO  TO  11 835 

10 IFIXUI.LT.XXI    III   GO  TO  43 836 
11 IFIBPLUS.LT.O.OI XPT«| 837 

IFIBPLUS.GE.O.I   XPT-51-I 838 
72 



! 

50 

48 
4) 
40 

C 
c 
c 
c 

1 

40 

2 
10 
2 

14 

1 

15 

C 
c 

9 
10 

50 

40 

10 

20 

SKI PI*«TRUE. 
IFUNOT.SKIPICO  TO 43 
l«125 
SPOUVPT.IPf l«STAIt 
SRlP'.fALSE. 
SKlPl««FALSE. 
IFISKIPICO   TO   50 
COMTINUE 
CALL «IIEITISPOTI 
RETURN 
END 

SUtROUTINE  RITEITISPOTI 
CtPVZ'U  /PAYNE/Af««AP»BPtSP 
EOUlVRLENCEIAP.APLUSI.CAM.AMINUSMBft.BMIMUSI.fBP.SPLUSI 
INTEGER   SP0fll3C,50t 
IFfBP.LT.ftPI   GO   TO  40 
A«BP 
H>BK 
WRirFf6.ll 
FORMRT(lHlt40Xt41HC0MPLEX   FREQUENCY  PLANE.RIGHT  HAND   OUACRANT 
GO   TO   )0 
Mill 
B»BP 
*RITEI6t?l 
FORMAT||H|t44>Xt4)HC0KPLEX   FREQUENCY PLANE«   LEFT MANO  OUACRANT 
WR|TE16V1?IAPVAP 
F0RPATfll4Xvl^H< J-0PEGA9/|XVFB«2«II2X«FB«2I 
WR|Tt(6vl4IR 
F0RMATfl24Xv5HSIGMA«/126X«|HI«/l26X«|HV«/121X«FB«2l 
MRITEIA.III   SPOT 
FORMAT! IX.DOAll 
URITEI6.ISIA 
FüRMAf|60Xv?7HLlNEAR   EXPANC  PLOT!RAO/SEC I   •)4XVF0«2I 
IffttM 
END 

SUBROUTINE   SAVERIROOTR«R00TI«l0lC«SAVEl«SAVE2ffJIO«Kll 
DIMENSION SAVEII 100« 1001« SAVE2ll90«lCOI«ROOrRf 1001 «ROOTIIIOOI 
IF|K1I)0.9«1Ö 
•Cl»l 
I01«I01C 
I01C*I01CMK1-1I 
IF1IU1C«GE«100IG0  TO   30 
00  40   IZAPsRUlOlC 
IZA«RZAP-fKl-ll 
SAVE11JZO« IZAPI'ROOTIIf IZAI 
SAVE2fJZ0«IZAP|«ROOTIIIZA| 
CONTINUE 
K1«I01C«1 
GO  TO 20 
JZO'JZO«! 
ID1C«ID1 
GC   TO  9 
RETURN 
END 73 

B)9 
840 
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84 S 
844 
845 
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848 
849 
850 
851 
852 
85i 
8'>4 
855 
856 
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859 
860 
861 
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063 
864 
865 
864 
867 
866 
869 
870 
871 
872 
87) 
874 
875 
876 
971 
878 
879 
880 
881 
882 
881 
884 
885 
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887 
888 
889 
890 
891 
892 
89) 
894 
895 
896 
897 
898 



C 899 
C 900 
C 901 
C 902 

SUBROUTINE PL0TERfSAVElfSAVE2tANUMRl,ANUMB2fP0INTfXAvXBtfItPRNT» 909 
•STAR.NBBtNOI 904 
DIMENSION SAVElf100,1001,SAVE2(100V100IVXR(2000I(XBI2000) 905 
INTEGER POINTI 130« 100U0ASH.BLANKfSTAR.R0TLCS.EXPND,FREQSR,DENSE 906 
COPMON /INF07/ ICOUNT 90? 
COMMON /lNFJH/ROTLCStEXPN0«FREQSR 908 
COMMON /INF09/ DENSE 909 
LOGICAL PRNT 910 
IFIPRNTI GO TO 43 911 
00 40 NAP*lv100 912 
DO 40 NBP«1«100 913 
IFfSAVEl(NABtNBRn41t42«41 914 

42 IF(SAVE2(NARvNBPn41,40f41 915 
41   ANUMB1«SAVE1INAB«NBR) 916 

ANUMn2«SAVE21NAB«NBR) 917 
ANUH02'ABS(ANUPR2) 918 

43 A/Z«ANUHe2 919 
A/2«A2lMO0Cüu.O 920 
NZZ'AZZ 921 
IFtNZZ.FC.O)   GO   TO  45 922 

50 NBB»NPB»1 923 
45 CALL FXCUTE(ANUMP1VANUMB2»POINT«XAVXR»MI(NO(STAR) 924 

IF CDENSE.NE.l) GO TO 10 925 
ICOUNT» ICOUNTU 926 
GO TO 11 927 

10 IMPRNT) ICOUNT«ICOUNT«! 928 
11 IFIPRNT) RETURN 929 
40 CONTINUE 930 

IFIRCTLCS.EO.ü» RETURN 931 
70 CALL WRITITIXA.XB) 932 

CALL PREPARfPOINTI 933 
RETURN 934 
END 935 

C 936 
C 937 
C 938 
C 939 

SUBROUTINE EXCUTFfANUMB1«ANUMB2tPOINTvXA«XB«MI«NO«STAR) 940 
LOGICAL SKIP1VSKIP2 «LESS 941 
INTEGER ROTLCS«EXPND«FREQSR 942 
DIMENSION XA(200CI«XB(2000) 943 
INTEGER POINT«130«100)«DASH«BLANK«STAR 944 
COMMON /INFü6/R0TLCStEXPN0«FREQSR 945 
DATA       K1/10/«K2/100/«K3/1000/«K4/10000/«NEGONE/-1/ 946 
LESS».FALSE. 947 
I»0 948 
J»0 949 
XA(N0I»ANUMB1 950 
XB(N0)«ARS(ANUMP2) 951 
N0«N0*1 952 
IF(ROTLCS.EÜ.O) RETURN 953 
IFIABS1ANUMB1UGT« 10000.0) GO TO 50 954 
IF(APS(ANUMB2)*GT.10000.0) GO TO 50 955 
IFUBSIANUMRD.EQ.O.O) GO TO 500 956 
IF|ABS(ANUMB2).E0.0.0) GO TO 500 957 
IFIARSfANUMB2)«LT*0.001) GO TO 50 958 



500 

50 

C 
c 
c 
c 

21 

40 

31 

12 
1 

11 

IFUBSUNUMBU.LT.O.OOU   GO   TO   50 
CALL  SCALEl(Kl,K2vK3tK49NE60NE»IvANUMBltIC0NStLESSfSKm) 
CALL  SCALE2fKlvK2vK)tK4vJvJC0NStANUNB2tSKlF2) 
CALL   WPOI NT(J,JCONSt Lt ANUMB2t SKIP21 
CALL   SPOINTlI,ANUMBl,LESS, ICONS,L,POINT,SKIP1,NO,XA.XBtSTARI 
RETURN 
END 

SUBROUTINE SCALEl(Kl,K2.K3,K4,NEGONE,I,ANUMB1,ICONS,LESS,SKIPU 
LOGICAL LESS 
LOGICAL SKIP1 
SKIP1«*FALSE. 
ICONS'l 
I«l 
AKEEP'ANUMBl 
NUMB1«ANUMB1 
NUMR«IABS(NUMBU 
IFfNUMB.EO.OIGOTO   12 
IF(NUHB1)31,4G,40 
IF(NUMBl.GE.lO»GOTO   11 

GO   TO   50 
L£SS«,TRUE. 
XXX«-NUMB1 
NUMB1«XXX 
GOTO  40 
G0T0I1,2,3,4),I 
ANUMB1>AKEEP 
ICONS«Kl 
RKl'Kl 
ANUMB1«ANUMB1*RK1 
l«2 
GOTO   21 
ANUMR1-AKEEP 
IC0NS»K2 
RK2«K2 
ANUHB1>ANUMB1«RK2 
1*3 
GOTO 21 
ANUMRUAKEEP 
IC0NS*K3 
RK3«K3 
ANUMR1«ANUMB1*RK3 
I«4 
GOTO   21 
ANUMBl'AKEEP 
1C0NS'K4 
RK4«K4 
ANUMB1>ANUMB1*RK4 
NUMRlsANUMBl 
IFINUHBUEQ.O)   GO  TO   51 
GO  TO  50 
SKIP1««TRUE. 
GO   TO   (6,7,8,9),! 
ANUMBUAKEEP 
ICONS'Kl 
RK1«K1 
ANUHB1-ANUMB1/RK1 ^ 

959 
960 
961 
962 
963 
964 
965 
966 
96 7 
968 
969 
970 
971 
972 
973 
974 
975 
976 
977 
978 
979 
980 
981 
982 
983 
984 
985 
986 
987 
988 
989 
990 
991 
992 
993 
994 
995 
996 
997 
998 
999 
1000 
1001 
1002 
1003 
1004 
1005 
1006 
1007 
1008 
1009 
1010 
1011 
1012 
1013 
1014 
1015 
1016 
1017 
1018 



I«2 1019 
GOTO 21 1020 

7 ANUMBl»AKEEP ' 1021 
IC0NS«K2 1022 
RK2>K2 1023 
ANUMB1«ANUMB1/RK2 1024 
I«3 1025 
GOTO 21 1026 

8 ANUMB1=ÄKEEP 1027 
IC0NS=K3 1028 
RK3-K3 1029 
ANUMBI*ANUMB1/RK3 1030 
I«« 1031 
GOTO 21 1032 

9 ANUMB1«AKEEP 1033 
ICONS*IU 1034 
RKA=K4 1035 
ANUMB1=ANUMB1/RKA 1036 
GO TO 50 1037 

51 1=5 1038 
50 RETURN 1039 

END 1040 
C 1041 
C 1042 
C 1043 
C 1044 

SUBROUTINE SCALE2(Kl,K2,K3,K4,J, JCONS,ANUMB2,SKIP2> 1045 
LOGICAL SKIP2 1046 
SKIP2-.FALSE. 1047 
JCONS«! 104« 
J»l 1049 
ANUMB2«ABS(ANUMB2) 1050 
BKEEP=ANUMB2 1051 

20 NUHB2«ANUMB2 1J52 
IF(NUM62.EU.0)G0 TO 10 1053 
IF(NUKe2.GE.10)00 TO 11 1054 
GO TC 50 1055 

10 G0T0(lt2«3»4),J 1056 
1 ANUHB2»BKEEP 1057 
JCONSsKl 1058 
«Kl»Kl 1059 
ANUMP2«ANUMB2*RK1 1060 
J«2 - 1061 
GO TO 20 1062 

2 ANUMB2»BKEEP 1063 
JC0NS«K2 1064 
RK2=K2 1065 
ANUMB2*4NUHB2*RK2 1066 
J«3 1067 
GO TO 20 1068 

3 ANUHB2«BKEEP 1069 
JC0NS=K3 1070 
RK3«K3 1071 
ANUMB2>ANUMB2*RK3 1072 
J*4 1C73 
GO TC 20 1074 

4 ANUMB2«BKEEP 1075 
JC0NS=K4 1076 
RK4«K4 1077 
ANUMB2«ANUMB2*RK4                    76 1078 



I 
f NUMB2*ANUHB2 

IFINUMB2.EQ.0I   60   TO   51 
GO  TO  50 

11 SKIP2'.TRUE. 
GO   TO   (6,7,8.9).J 

6 JCONS'Kl 

• ANUMB2«BKEEP 
RKURl 
ANUHP2«ANUMB2/RK1 

/ J=2 
GO   TO   20 

- 7 JC0NS»K2 
ANUMB2=BKFEP 
RK2«K2 
ANUHP?=ANUMB2/RK2 
JO 
GO   TO  20 

8 JCONS'Ki 
ANUMB2*BKEEP 
RK3*K3 
ANIJMR2«ANUMB2/RK3 
J«4 
GO   TO   20 

9 JC0NS*K4 
ANUMB2*BKEEP 
RK4«K« 
ANUMB2«ANUMB2/RK4 
GO   TO  50 

51 J=5 
50 RETURN 

END 
c 
c 
c 
c 

200 
201 
202 
203 
204 
205 
206 
207 

SUBROUTINE «POINT 
LOGICAL SKIP2 
L»0 
IDELTA«0 
IFUNUHB?.Gk.9.2) 
IF(ANUMB2.GE.8.0) 
IF(ANUMB?,GE.6.9) 
IF(ANUHB2*GE.5«9) 
IF|ANUMB2«GE«b.0) 
IF(ANUMB2.GE.A#2) 
IFUNUMB2«GE«3«5) 
IF(ANUMB2«GE«2*9) 
IFfANUMB2.GE.2.A) 
IFUNUMB2.GE.U9) 
IF(ANUMB2.GE.1.5) 
IF(ANUMB2.GE.1«2) 

GO   TO   211 
IF(ANUMB2«LT.9#2) 
IF(ANUMB2.LT.H.O) 
IF(ANUMB2.LT«6.9) 
IF(ANUMB2.LT.5.9) 
IFUNUMR2.LT.5.01 
IF(ANUMB2.LT.4.2) 
IFtANUMQ2.LT.3.5) 
IF(ANIINB2.LT.2.9) 

f J,JCONS,L,ANUMB2,SKIP2I 

I0ELTA=12 
GO TO 200 
GO TO 201 
GO TO 202 
60 TO 203 
GO TO 204 
60 TO 2C5 
GO TO 206 
60 TO 2C7 
60 TO 208 
60 TO 209 
60 TO 210 

IDELTAMl 
IOELTAMC 
IDELTA»? 
I0ELTA=8 
IOELTA-7 
I0ELTA>6 
I0ELTA»5 
IDELTA»4 77 

1079 
1080 
1081 
1082 
1083 
1084 
1085 
1086 
1087 
1088 
1089 
1090 
1091 
1092 
1093 
1094 
1095 
1096 
1097 
1098 
1099 
1100 
1101 
1102 
1103 
1104 
1105 
1106 
1107 
1108 
1109 
1110 
Uli 
1112 
1113 
1114 
1115 
1116 
1117 
HI» 
1119 
1120 
1121 
1122 
1123 
1124 
1125 
1126 
1127 
1128 
1129 
1130 
1131 
1132 
1133 
1134 
1135 
1136 
1137 
1138 



208 IFIANUMR2.Lr.2.M    I0ELTA«3 1139 
209 IF(ANUMB2.LT.1.9)   I0ELTA*2 1UO 
210 IF(ÄNUM6?.Lr.US)    [OELTA'l 1U1 
211 IFIANUMB2.LT«1«2)I0ELTA*0 1142 

IDELTAMJ-IOELTA 1143 
IF(J.EQ.5) GO TO 50 1144 
IFfSKlP?) GO TO M 1149 
IF( JCCNS.EQ.DGOTO 1 1146 
IFIJCGNS.EG.IOIGOTO 10 1147 
IF( JCONS.tGWOOGOTO 100 1148 
IFUCCNS.EQ.1000)GOTO 1000 1149 
IF( JCONS.EQ.lOOOOIGOrO   1CCC0 1150 

1 L=73*I0ELTA 1151 
GO   TU   40 1152 

10 L:86*I0ELTA 1153 
GO   TO   4C 1154 

100 L=99*I0ELTA 1155 
GO   TO   40 1156 

1000     L«112«IDELTA 1157 
GO   TO   40 1158 

10000 L=12*> 1159 
GO   TO   4U 1160 

41   KCONS=JCONS*l 1161 
SMP2=.fALSt, 1162 
IF(KCCNS.E0.11)G0T0   11 1163 
IF(KCCNS.EU.1Ü1)G0T0   101 1164 
IF(KC0NS.E0.1ü0nG0T0   1001 1165 
IFIKCONS.EQ.IÜOOUGOTO   lOCOl 1166 

11 L=60*ID£LTA 1167 
GO   TO   40 1168 

101 L=47*IDELTA 1169 
GO   TO   40 1170 

1001   L04MDELTA 1171 
GO   TO   40 1172 

50  L«125 1173 
GO   TO   40 1174 

10001 L«34 1175 
40   RETURN 1176 

ENO 1177 
C 1178 
C 1179 
C 1180 
C 1181 

SUBRDUTINC   SPOINTfI,ANUMB1, LESS,ICONS,L,PCINT,SKIP1,NO,XA.XB,STAR)        1182 
DIMENSION   XA(2C0CI,XB(200C) 1183 
INTEGER   P0INT(13G,100),DASH,BLANK,STAR,0 1184 
INTEGER   STAR1VSTAR2 1185 
DATA   STAR1/1H0/,STAR2/1H«/ 1186 
DATA   HLANK/1H   /,0ASH/1H-/, Q/1HI/ 1187 
LOGICAL   SKIP1 .LESS 1188 
AKEEP'ANUMBl 1189 
ANU*B1«ARS(AKEEP) 1190 
K00L=0 1191 
IF(I.F0.5)G0  TO   1000 1192 
IF(ANUMB1.GE.7.1)KQ0L«7 1193 
IF(ANUMB1.GE.5.0)G0  TO   1011 1194 
IF(ANUMB1.GE«4«0)G0  TO   1111 1195 
IFIANUMB1.GE.3.1)   GO  TO   1211 1196 
IF(ANUMB1.GE.2«3)G0T01311 1197 
IF(ANUMBl.GE.l.6)   GO  TO   1411 78 1198 



f 

IFUNUMBl.GE.l.OGO   TO   1511 
GO TO 4011 

1011 IF(ANUMR1.LT.7.1)K00L«6 
1111 IF(ANUMBl,LT.b.0)K00L=5 
1211 IF(ANllMBl.LT,A#0IK0OL»* 
1311 IF(ANUMfll.LT.3,l)K00L»3 
Uli IF(ANUHB1.LT.2.3IK00L«2 
1511 IF(ANUMBl,LT,l.6)K00L=l 
4011   NCRMNT<B-KOCL 

IF(LESS)GO   TO  40 
IFISKIPDGO   TO  41 
IFIICONS.EQ.DGOTO   1 
IFJ ICONS.FQ.IOGOTO   10 
IF(IC0NS.EQ.100)G0T0   100 
IF( ICONS.EG. IGOOGOTO   1000 

1   K00L=7l*K00L 
GO   TC   50 

10 K00L=64*K00L 
GO TO 5o 

100 K00L*57*K00L 
GO TC 50 

1000 K00-=5O»K0OL 
GO TO 50 

41   LC0NS=ICÖNS*1 
SKIPI-.FALSE. 
IF(LCCNS.E0.11)G0T0   11 
IF(LC0NS.EQ.101)G0T0   101 
IFCLCCNS.EQ.IUODGOTO   1001 

11 K00L=78*K00L 
GO   TO   50 

101 K00L=ft5*K00L 
GO   TC   50 

1001 <O0L=92*K0OL 
50 LESS=.FALSE. 

IF(POINT(L.KOCL).EC.DASHJ   GO  TO   51 
IF(POINr(L,KGCL).EQ.C        )   GO   TO   51 

14 (F(POINT(L,KOOL).EQ.STAR1)   GO   TO   15 
IF(P0INT(L»K00U.kQ.STAR2)   GO   TO   15 
IF(STAR.EO.STAMl)   GO   TO   51 
IFiSTAK.EQ.STAR?)   GO   TO   51 
IF(PO[NT(LtKOöL).NE.BLANK)   GO   TO   70 

51 P0lNTafKOOLI»STAR 
ANUMBl'AKEEP 
GO   TO   70 

15 L»L*1 
IF(L.E0.130)   GO  TO  51 
GO   TC   14 

40   IF(SKIPI)   GO   TO   42 
IZ=ICÖNS*2 
IFUZ.EO.ilGOTO   3 
IF(IZ.E0.12)G0T0   12 
IF(IZ.EQ.102)G0T0   102 
IF(IZ.EQ.ia02)G0T0   1002 

3   K00L=21*NCRMNT 
GO   TO   50 

12 K00L=28*NCRMNT 
GO   TO   50 

102 K00L=35+NCRPNT 
GO   TO   50 

1002 K00L=42«NCRMNT 
79 

1199 
1200 
1201 
1202 
1203 
1204 
1205 
1206 
1207 
1208 
1209 
1210 
1211 
1212 
1213 
1214 
1215 
1216 
1217 
1218 
1219 
1220 
1221 
1222 
1223 
1224 
1225 
1226 
122 7 
1228 
1229 
1230 
1231 
1232 
1233 
1234 
1235 
1236 
1237 
1238 
1239 
12^0 
1241 
1242 
1243 
1244 
124^ 
1246 
1247 
1248 
1249 
1250 
1251 
1252 
1253 
1254 
1255 
1256 
1257 
1258 



13 

103 

1003 

10003 

70 

C 
c 
c 
c 

GO TO 50 
*2 IYMCONSM 

SK|Pl=.FALSE. 
1FIIY.E0.13)G0T0   13 
IFIIV.E0«103)G0T0   103 
IFCIY.EQ.1003)G0T0   1003 
IFfIY.EQ.10003)G0T0   10003 
K00L»14*NCRHNT 
GO   TO   50 
K00L=7*NCRMNT 
GO   TO   50 
KOOL-NCRMNT 
GO   TO   50 
P0INTIL,n=STAR 
GC   TC   70 
RETURN 
END 

SUBKCUTINE   PREPARtPOINTI 
INTEGER   POlNTinO.l^OJtPRT 
DATA   PRT   /6/ 
WRITr(6(n 

1   FORMATCIHI) 
WRlTE(6»in 

11 FORMAT(///l 
WRITEIPRT,14) 

14 FORHAT(75XvBHL0n PLOT,/58X,42HC0MPLEX FREQUENCY PLANE.LEFT HAND CU 
•AORANTf/75X,9H(KAD/SEC)  I 
MRITE(6,12) 

12 FCR*AT(32Xf5H10000t9Xt4HlCCQ«9Xt3HlC0tl0Xt2H10(12X»lHlfllX(2H.lv10 
♦X.IAH.OK J-OMFGA,/   1RX.11HMINUS   SIGMA) 

13 FORMATf32X,5HL0000.9X,4H1000t9X,3HlC0«10X,2Hl0»12X,lHlflIXV2H.1,10 
♦ X.IAH.OK J-OMEGA,/   18X,11H   PLUS   SIGMA) 

DG   50   1=1,130 
50   POINT!I,50) = P0INT( 1,51) 

WKITE(PRT,10)P0INT 
10   FORMAT(1X,1J0A1I 

WRITFf6,M) 
WRITE(PRTV15) 

15 FORMAT!75XtHHL0G   PL0T,/58XV43HC0MPLEX   FREQUENCY   PLANE,RIGHT   HAND   Q 
♦UADRANT,/75X,9H(RA0/SECI       I 

RETURN 
END 

SUBROUTINE WRITIT(XA,XB) 
DIMENSION XA(2000)«XBI2000) 
WRITC(6,1) 

FORMAT!1H1) 
Miircutiii 

11 F0RMAT(5XV48HTHE FOLLOWING  ROOTS 
15Xv99HR00TS AT THE ORIGIN ARE NOT 
* J-OMFGA AXIS ARE NOT PLOTTED. 
2,//16Xf5HSIGMA,25X,7HJ-0MEGA,//) 

ARE PLOTTED ON THE LOG PLOT,/ 
PRINTED OR PLOTTED, ROCTS ON THE 

t 

80 

1259 
1260 
1261 
1262 
1263 
1264 
1265 
1266 
1267 
1268 
1269 
1270 
1271 
1272 
1273 
1274 
1275 
1276 
1277 
1278 
1279 
1280 
1281 
1282 
1283 
1284 
1285 
1286 
1287 
1288 
1289 
1290 
1291 
1292 
1293 
1294 
1295 
1296 
1297 
1298 
1299 
1300 
1301 
1302 
1303 
1304 
1305 
1)06 
1306 
130 7 
1308 
1309 
1310 
1311 
1312 
1313 
1314 
1315 
1316 
1317 



1 

c 
c 

00   77   IZ0Mt2000 
XC'XBfIZO) 
IFfXC.GT.O.OI   XC«-XC 
IF(XC.NE.O.G) GO TO 22 

20 IFlXAfIZO))22t40t22 
40 Kl-IZO 

K2«IZ04l2 
DO 50 KsKl,K2 
IF(XA|K).NE.O,0) GO TO 77 

50 IF(XP(K).NE.O.OI GO TO 77 
GO TO 60 

22 URITE(6tlO)XA(IZO)(XC 
10 F0RMAT(5X,F20.9V10X»F?0.

<I) 
77 CONTINUE 
60 RETURN 

FNO 

SUBROUTINE   FREQRS(SIGMAXtCMEGAYI 
DIMENSION   SAVEl(l00*100ttSAVE2ll 

* AAAAAA(99),BBBBBB(99lf 
• OHEGAS(55)tOMEGA(17lvH 
• ),PHIPLN(3000),MPCflLN( 
♦ EMSUBSCSOOOJ 

REAL   MOBLIN«MPCPLN 
INTEGER   FRQEXP,IEXP(4I 
INTEGER   POINKUO, 100» 
COMMON/FRFEK/ACOEFF,BCOEFF 
COMMON/INFC2/ALIM 
COMMON/INFOi/OMEGA 
COMMON/INF06/EMSURS 
COMMON   /INF07/   ICOUNT 
COMMON   SAVElfSAVE2,POINT 
EQUIVALENCE   (WLOGI1)»SAVElt1)1•( 

1 ISAVE)(3001)»M0BLIN( 
2 (SAVE1(6001I(MPCBLN( 
3 (ALIM(l)fXSMALL),( AA 
4 BCOEFFIZn 
TENS(X)=X*10.ü 
DATA( DEC(I)fI = lf91/1,0,2.0,3.0.4 
DATA LET1/4H  CP/,LET2/4H CEG/ 
K1 = 0 
KOUNT«! 
00 61 l«l«4 

61 IEXP(l»=0 
DO 60 1^1,3000 

62 WLOG( n=0.0 
PHILINI11=0.0 
BIGSEMI I 1*0.0 
EMSUPSCI1=0.0 
MDBLIN(I)=O.C 
PHIPLNII1=0.0 

60 MPDDLNII 1=0.0 
MRITE(6>51) 
READ(5,19IXSMALL,DEGREE,OBL IM 
READI5,12)FRQEXP 
!F(FH0EXP.N£.0|READ(5,12M lEXPIK 

12 F0RMAT(4I10) 
19 F0RMATI3E10.0,50X1 

DO   90   I«2,7 

00,1CO),ACOEFF(IOOI,BCOEFF(100), 
SIGMAX(2C00l,0MEGAV<2OO0l,ÜEC(9), 
LOG(3000) »PHIL INI 3000)fMDBLIN(30C0 
30CC),ALIM(7),BIGSEM(300C)V 

PHlLlN(l),SAVE2(l))f 
1)),(SAVE2(3001),PH1PLN( I) ) , 
1)),(SAVE2(6001),BIGSEM(1)), 
AAAA(1),AC0EFF(2!),CBBBBBB(1), 

.0,5.0,6.0,7.0,8.0,9.0/ 

),K«1,4) 

81 

1318 
1319 
1320 
1321 
1322 
1323 
1324 
1325 
1326 
132/ 
1328 
1329 
H3Ö 
1331 
1332 
133) 
1334 
1335 
1336 
1337 
1338 
1339 
1340 
1341 
1342 
1343 
1344 
1345 
1346 
134 7 
1348 
1349 
1350 
1351 
1352 
1353 
1354 
1355 
1)56 
135 7 
1358 
1359 
1360 
1361 
1362 
1363 
1364 
1365 
1366 
1367 
1368 
1369 
1370 
1371 
1372 
1373 
1374 
1375 
1376 
1377 



90   ALIMCI)=TPNS(ALIH(I-!)) 1378 
00   70   J'lf6 1979 
00   71   1=1,9 1380 
K«KUI 1)81 

71   0MEGASfK)*0EC(I)*ALIM(J) 1382 
70   K1«KM9 1383 

0MFGAS(^5)=ALIM( n 1384 
K=l 1385 
CALL   FIGURR(5bf0MEGAS«K0UNT) 1386 

41   YsABS(0HFGAY(Kn 1387 
X«ABS(S1GMAX(K)) 138» 
IFU.EQ.O.O»   GO   TO   13 1389 
VOMEGA=y 1390 
GO   TO   20 1391 

13   IFIX.EQ.O.Q)   GO   TO   10 1392 
YOMEGA»X 1393 

20   CALL   SMEEPR(YOMFGA) 1394 
CALL   FIGURR( W,0KEGA,K0UNT) 1393 
IF(K0UNT.GE.298<.»CO   TO   40 1396 
GO   TO   BO 1397 

10 KKxKM 1398 
KI=K*11 1399 
IF(KI.GT.2000) GO TO 40 1400 
DO 11 L=KKfM 1401 
Y=ABS(0MEGAY(Ln 140^ 
X^ABSISIGMAXtU) 1403 
IF(X.NE.C.C.üR.Y.NF.0.01   GC   TO   80 1404 

11 CONTINUE 1403 
GO   TP   40 1406 

80   IF(K.GE,ICOUNTI   GO   TO   40 1407 
K=K*1 14U8 
GO   TO  41 1409 

40   00   68   1=1,3000 1410 
IF(ML0G(I).EQ.0.0.ANO.PHILIN(I )•EO.O.O.ANO.PHIPLNfII.EQ.C.Ö«AND. 1411 

IMORLINC I I.EC.0.0«ANOaMPOBLNI 1) .EO.C.O, AND.R IGSEMI I ) .EQ.C.O.A'JD. 1412 
2EMSUBS(I).EQ.o.OI   GO   TO   69 1413 

JJ=MCD(I           ,57) 1414 
IF(JJ.EO.O)   WkITE(6,5n 1415 

68 WRlTF(6f50)   WLOG   (1),RIGSEM(1),MOBLINI I),rHILIN(H,EMSUÖS(I», 1416 
1MPDBLN(I),PHIPLN(I) 1417 

69 •<RITE(6V14) 1418 
CALL NEWl>LT(DEGREE«WL0GtPHILINfLET2 ) 1419 
IFdEXPdl.EO.O) GO TO 30 1420 
JJ>IEXP(1) 1421 
00   34   I=1(JJ 1422 

34 CALL   FXPLGT(WL0r,,3000,PHlLIN,3C00f DEGREE,LET2I 1423 
30 CALL NEWPLT(DBLIM,WL0G,MDBL IN.LETI) 1424 

IF(IEXP(2).E0.0) GO TC 31 1425 
JJ'lEXPm 1426 
00   35   1=1,JJ 1427 

35 CALL   EXPLOT(ML0G,3O0O,MOBLIN,3C00,0BLIK,LETl) 1428 
31 WRITE(6f15) 1429 

CALL NEWPLT(0EGREF,WL0G,PHIPLN,LET2) 1430 
IF(IFXP(3|.EC.O) GO TO 32 1431 
JJ»irXP(3) M432 
00   36   1=1,JJ 1433 

36 CALL   FXPLOTCWLOG,3000,PHIPLN,3000,DEGREE,LET2I 1434 
32 CALL NEWPLT(0RLIM,WL0G,MP0BLN,LET1) 1435 

IF(IEXP(A).HG#0) GO TO 33 1436 
JJ<IEXP(4)                                                                            82 1437 



c 
c 

c 
c 

00   37   1*1,JJ 
37  CALL   EXPLOT(WLOGf3000tMPOBLNff3000vOBLlMvLETll 
51   FORMATUHlv5X,5H0MEGAvl3Xt3H/H/fl6X>6H/K/-0Btl0Xv3HPHlf2CXt4H/H/Pf 

♦ 10X, 7H/M/P-0B, UX, 5HPHI-P,/ I 
50   F0RHATI2XvlPlcl2«5(5XvlPlE12«5v6XvlPlE12«5«5XtlPlE12«5tllXt 

*1P1E12.593X,IPIE12«5,4X.IP1E12.5| 
14 FORMAT!lHlt////////////////////t?SX,60HTHE  FOLLOWING   PLOTS  ARE  NOR 

«MAL   FREQUENCY   RESPONSE   DATA 1 
15 F0RMAT(lHlt////////////////////t25Xf36HTME  FOLLCMING   PLOTS  ARE   POP 

♦OV   DATA I 
33   RETURN 

END 

SUBROUTINE   FI GURR(KONT .OMEGA,KOUNT) 
DIMENSION   SAVElf100,100ltSAVE2(lCO«100l 
DIMENSION   ÄC0EFF(10O),BCOEFF(100 ) ,AAAAAAI99)•QBBBBBI99I 
DIMENSION  ULOGi 3000) «PHIL IN ( 3000 ),MOBLIN( 30001 »PHIPLNOOCOlt 

♦ MPDBLNJ)000),BIGSEMI 3000),EMSUBS(3CC0),OMEGAIKONT) 
REAL   MOBLIN,MP0RLN 
INTEGER   P0INT(130V100) 
COMM0N/FREEK/AC0EFF,BCOEFF 
E0UIVALENCE(AAAAAAIl),AC0EFFI2)),IBeB6BB(l)vBC0EFFf2)) 
COMMON/INFOb/EMSUBS 
COMMON   SAVEl,SAVE2,POINT 
EQUIVALENCE   (MLOGI1)»SAVE1(I)),(PHlLIN(l),SAVE2I1)), 

1 (SAVE1(3001)VMCBLINI 1))•ISAVE2(30011»PHIPLNI1))t 
2 (SAVE 116001),MPOBLNC1))»ISAVE2I 6001)•BIGSEM(1)) 

00   21   1=1,KONT 
CALL FIGUREIOMEGAI1), ACOEFFII),AAAAAA,EMOFAS,PHIAS) 
CALL FIGUREIOMEGAII)«PCOEFFI1)«RBBBBB,EMOFBS.PHIBS) 
BIGEMM=ABS(EMOFAS/EMOFBS ) 
BIGSEMIKOUNT)=BIGEMM 
MLOGIKOUNT)-OMEGAII) 
PHIEND=PHIAS-PHIBS 
IFIPMIEN0.LT.-180.)   PHIENO»PHIEND*360, 
IFIPHIENO.GT.   160.)   PHIENO*PHlEND-360. 
PHILINIKOUNT)=PHIEND 
PHIENO  =   PHIENO   ♦   0.0174533 
REEL   ■   BIGEPM   ♦  COS   I   PHIENC   ) 
E1MAG=   BIGEMM   *   SIN   I   PHIENO   ) 
EMSUBP  =   SORT   I   I   REEL**   2   )   ♦ 
EMSUBSIKOUNT)=EMSUBP 
QUANZ-OMEGAI I)   *   EIMAG 
PHIPEE-ATAN2IQUANZtREEL) 
PHIPEE   =   PHIPEE   *   57.2957795131 
IFIPHIPEE   .   LT   .   0.)   PHIPEE   «   PHIPEE   ♦   360. 
IFIPHIPEE.LT.-180. )   PHIPEE-PHIPEEO60. 
IFIPHIPEE.GT.   180.)   PHlPEE«PHIPEE-360. 
PHIPLNIK0UNT)*PHIPEE 
DEEBEE-20.0*1AL0G10(6IGEMM)) 
MDBLINIKOUNT)=OEEBEE 
DEEBEP=20.0*IAL0G10IEMSUBP) ) 
MPDBLNIKOUNT)=OEEBEP 
KOUNT=KOUNT*1 

21   CONTINUE 
RETURN 
END 

83 
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c 
c 

SUPROUTINF   FIGURECX.Y.Z.EHOFAS.PHIASI 
DIHE^SION   Z(94) 
R£ELAS«y 
I«2 
A—l.O 

21 REELAS«(fZm*|X*M))*A|4REELAS 
25 l»l*2 

IF(I.GT.99   )   GO   TO  22 
As-A 
IF(Zf D.FO.O« »CO   TO  25 
GO   K   21 

22 I«l 
A«1.0 
AIHAGA'0.0 

24  AIHAGA>(Zm*(X**II*A}«AIHAGA 
26 l'l*2 

IF(|.GT.99   I   GO   TO   23 
A=-A 
IFUm.EQ.J.IGO   TO   26 
GO   TC   24 

23 EMOF&S»SCRT( 1REELAS**2)*(MMAGA**2) I 
PHIAS-ATAN2(AIMAGAVREELASI 
PHIAS   *   PHIAS*57,2957795131 
IF(PHIAS.LT.C.)   PHIAS=PHUS*360. 
RETURN 
cNU 

SUBROUTINE   LOGGER(XXVLIMITW) 
DIMENSION     ALIH(7)V0IMS(20) 
EOUlVALENCE(WASTEfAXXl 
C0HMON/INF02/ALIM 
TENS(X)=X*10.0 
DATA   (DIMSCI), 1= 1,20)   / 1.0,1.15,1.3,I.5,1.7t1.95,2.25*2.5»2«85, 

*3.l5v3.5v).95t4.5(4.85v5.4,6.05t6.8t7.7t8«8t9.999999/ 
LINITINO 
LIMITX»0 
LIHIT2»0 
00   20   1-1,6 
AAs2*(I-l) 
IFIXX.LT.ALlMf mi.AND.XX.GE.ALlMl ID   GO   TO   21 
RETURN 
LIMITX«TFNS(AA) 
WASTEsABS(XX) 
IF(WASTE.EQ.O.O)   RETURN 
IF(AXX.GE.I.0.ANO.AXX.LT.10.0)   GO   TC   22 
IF(AXX»LT.10.0IG0   TO   23 
AXX^AXX/IO.O 
GO   TO   30 
AXX'TENS(AXX) 
GO   TO   30 
DO   24   I»l,l9 
IF(AXX,GF.OIKS«I).ANO.AXX.LT.DIMS( 1*11)   GO   TO   25 
LIMIT2«! 
LIHirw-LlMITX4LIKIT2 
RETURN 
END 

20 

21 

30 

23 

22 
24 
25 

C 
C 

SUBROUTINE BLANKR (POINT,Nl,N2,LIMl) 8k 

1498 
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c 
c 

c 
c 

INTEGER  P0lNTlNltN2ltBLANK»C/'iSHv0 
COMMON /INFOV   0.BLANK,OASH 
CATA   RLANK/1H   /•DASH/1H-/VQ/IH|/ 
00   51   MsUNl 
00   51   N«1(N2 

51 POlNTfM.NI-BLANK 
DO   52   MM,Ml 
POINTIM*II«DASH 

52 P0INT(MVN2I>DASH 
00   53   MsltN2 
POINTIlaMI«G 

53 POINTILIM|vM|sC 
RETURN 
END 

SUBROUTINE   NEMPLTIX«YV2,LET I 
INTECfR   POlNTdlClOOI.PGINTFI 120,58).STAR,0 
DIMENSION   ALIMITI 
DIMENSION   YOGCO 1,2(30001 
DIMENSION  SAVE1I100,100},SAVE2fl00,1001 
COMMON  /INF04/   0,BLANK,DASH 
COMMON/INFG2/ALIM 
COMMON   SAVEl,SAVE2,POINT 
^OUIVALENCECPöINTd, ll,POINTF| 1,111 
DATA   STAR/lH*/,0/lHI/ 

1   FORMAT!1H1I 
CALL   PLANKR(P0INTF,120,58,1201 
DO   10   1*1,3300 
IF(Y(D.EQ.O.OI   GO  TO   11 
GO   TC   12 

ii iFmn.eo.o.oi GO TO 10 
12   CALL   L0GGER(Y(I1,LIMITWI 

IF(LIMITU.EG*OI   GO  TO   10 
CALL   LIMEAR(X,LIM|TY,2(111 
IFILIMITY.EC.GI   GO   TO   10 
POINTF(LIMITW,LIMITYl«STAR 

10  CONTINUE 
DO  40   1=20,100,20 
00  40   J<1,58 

40  POINTF(|,J)sO 
MRITE(6,1) 

30  F0RMAT(lX,6(lPlE10.1,lX,3hR/S*6XltlPlE10«ll 
J«X 
WRirf:(6,51IJ,LET,(POINTFIIvll,I«l,120l 

51   F0RMAT(1X,I4,   A4V1X,120A1I 
URITE(6,20I((P0INTF(I,JI, I«lv1201,J«2*57l 
J*-X 
URITF(6,5l)J,LETv(P0INTFII958l,I*l,120l 

20   FORMAT!10X,120A11 
WRITE(6,30IALIM 
RETURN 
END 

SUBROUTINE LINEAR(X,LIMITY,Y» 
DIMENSION ENCRMT(59} 
LIMITY-0 
FLIMIT«X*2. 
0ELTA«FLIMIT/58* 

1558 
155« 
1560 
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156« 
1570 
1571 
1572 
157i 
1574 
157!» 
1576 
1577 
1578 
1579 
158b 
15H* 
1582 
1583 
1584 
1585 
1586 
1587 
1588 
1584 
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1591 
1592 
1591 
1594 
159S 
1596 
1597 
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1601 
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1606 
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1609 
1610 
1611 
1612 
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1615 
1616 
1617 



10 

11 

20 
40 

ENCRMT(l)«X 
DO 10 1*2,58 
ENCRMTIII-ENCRMTIl-l»-DELTA 
ENCRHTI59I—X 
DO It I«l,58 
IF(Y.LE.ENCRMT(n.AND.Y.GE.ENCRHTn4l))C0 TO 20 
GO TO hO 
LIMITY«! 
RETURN 
END 

C 
C 

c 
c 

SUBROUTINE SMEEPRUOMEGA I 
DIMENSION OMEGA!171,SWEPERI17) 
COMMON/INF03/0MEGA 
DATA ISWEPERl n,I«lf17) /C.Cl, 0. 05, C. I ,0.2.0. 3,0,4,0,5,0.6,0. 7. 

♦0.8,0.9,1,0,2.0,4.0,6.0,8.0,10.0/ 
00 70 KM, I 7 

70 OMEGAIKI« SWEPER(K)♦XOMEGA 
RETURN 
END 
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